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PREFACE 


This book deals with the principles underlying the specification and 
design of electrical lighting for commercial and industrial buildings. It 
is the result of a number of years of experience in teaching the subject to 
architects, architectural engineers, and electrical engineers and in con- 
sulting with architects. There are books available for teaching illumi- 
nating engineering and photometry, but it been found desirable to 
present the subject to the groups mentioned above, since their needs are 
not covered by the books published up to the present. 

No attempt has been made to treat every type of installation and 
equipment, but only the important principles that govern lighting prac- 
tice. Both floodlighting and novelty lighting have been allotted what 
may seem to be excessive space. This is because of the frequency with 
which such information is demanded by both the profession and the 
students. Although general illumination design is capably handled by 
both architects and utility advisors, the methods available for designing 
floodlighting and novelty lighting are much less understood. The last 
chapter, Wiring,’^ represents the least that the designer of illumination 
should know concerning wiring so that voltages may be maintained on 
the lighting system. 

By the use of simple algebra and trigonometry, a special effort has 
been made to eliminate complicated mathematical developments, which 
would be beyond the needs of university sophomores in both the en- 
gineering and fine and applied arts divisions. The author wishes to 
express his sincere appreciation to all the sources from which he has 
drawn his information. The material incorporated has been academi- 
cally established or approved by the Committees of the Illuminating 
Engineering Society. In each instance where possible, direct credit has 
been given to the source listed in the bibliography, and only through 
oversight or lack of specific knowledge has this been neglected. The 
profession has contributed the material included in the text. 

The author wishes to express his sincere thanks\( Miss Wilma Richard 
for reading the manuscript, and to his wife, Kathryn W. Kraehenbuehl, 
for reading the manuscript, editing, and proofreading the work. The 
author recognises in special appreciation the assistance given by Mr. 
Harry W. Horn and Mr. J. H. Smith, instructors in electrical engi- 
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neering at the University of Illinois, associated with him in the teaching 
of illumination, for reading the material for technical accuracy and 
contributing many suggestions on arrangement and content. Mr. 
Elmer F. Heater of the Engineering Experiment Station of the Uni- 
versity of Illinois arranged and made the drawings. 


J. 0. K. 


Urhana, Illinois 
September, 1941 
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CHAPTER 1 


INTRODUCTION 

The application of illumination to modem buildings, and to build- 
ings being remodeled, in recent years has become increasingly im- 
portant to both architects and engineers. Because the electrical 
engineer has developed the most efficient ir.candescent source, the 
science of applied illumination is closely associated with that pro- 
fession; and the recent developments in vapor sources have followed 
the development of incandescent sources as a natural sequence, guided 
by researches for more efficient light sources. 

Intense study of applied light and its influence upon the human 
being has developed only recently, and as yet it has not been given the 
consideration it deserves by those responsible for the specification and 
installation of safe and adequate lighting in industrial ^d commercial 
buildings. It has been the policy, in the past, for the architect to 
permit the contractor to assume responsibility for both the illumina- 
tion and wiring of the building and to allow the client to choose 
whatever lighting equipment pleased him. In industry, the executive 
has often, heretofore, been influenced more by the sales talk of a rep- 
resentative from a fixture manufacturer than by the principles that 
should govern correct lighting installation for manufacturing and 
inspection. Since there are investigations which have demonstrated 
some of the essential fundamentals in choosing the lighting system 
and type of equipment, it behooves both the architect and the en- 
gineer to assume the responsibility of becoming informed in this field 
and either assuming that responsibility directly or delegating it to 
experts in lighting design. 

1. Division of Labor. There are four divisions in the develop- 
ment of a lighting system which are separate, but must be considered 
collectively by the individual specifying the finah jnstallation. Design 
of equipment is one of the duties of the illuminating engineer, an in- 
dividual who must be trained in the fundamental science of light and 
must have developed experience in the field of application. An ef- 
ficient and satisfactory lighting fixture cannot be designed by the 
average architect and constructed by the local tinsmith. 

1 
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The manufacturer may combine the functions of both equipment 
designer and manufacturer, but it is necessary that the means be 
available by which shapes can be constructed that follow accurately 
the intent of the designer as to the control of the light. Too fre- 
quently a manufacturer without a scientific background designs a 
lighting fixture, the sale of which depends upon its beauty rather than 
upon its quality. 

The last operation in the sequence of application is the installa- 
tion. Both the designer and the manufacturer must keep in mind the 
installation of the equipment and its maintenance. Actual installation 
of the equipment is the only task that belongs to the contractor. 

A large number of individuals, both trained and untrained, are 
found in the lighting application field. Many architects assume the 
responsibility, and in other instances the task of specifying the light- 
ing falls to the utilities. Few individuals are properly qualified to 
analyze the problems and recommend both an adequate and safe 
lighting system. The rapid growth of modem illumination has found 
the field lacking in trained personnel and, as in all new branches of 
engineering, every salesman and every man installing fixtures feels 
qualified to act as an expert. There are few consultants, and even 
those few are ^Idom consulted. There is no regulation or legal code 
which compels expert attention to the problem; therefore, no one is 
willing to pay for the consulting service because there is no fixed 
responsibility if the installation is not of the proper kind. 

2. Scientific Requirements for Prescribing Light. The science of 
light calls for knowledge in advanced fields of mathematics and 
physics. In the development of illuminants, chemistry is the basis 
of much of the rapid progress that has been made in the last decade. 
The engineer holds the same position in the illumination field that he 
holds in all other branches. He is the one interested in the economical 
application of the product developed by the mathematician, the 
physicist, and the chemist. The most important function which the 
engineer performs (and which is seldom taught) is the one concerning 
economic considerations. Information may be available which recom- 
mends some specific amount of illumination or some special type of 
equipment but, since the equipment must be purchased and operated, 
its final selection as to the amount of illumination will be determined 
by balancing the benefits against the cost. Unfortunately this balancing 
is too often done without regard to the necessity of at least some benefits. 

3. The Human Element in Lifting. Since hating is for the 
benefit of the human race, the needs of the race must be considered 
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in selecting both the source and amount of illumination. A human 
being finds expression of feeling through the stimulation of physio- 
logical and psychological reactions of the body. The physiology of 
the eye and nervous system, which are sympathetic with stimulation 
through the act of seeing, is very complicated and must be accepted 
as it is, for only slow evolution can change it. The psychology of 
the human being may undergo changes as a result of proper training 
and conditioning. Without specific training mankind is more likely 
to choose that which is aesthetic rather than that which is comfortable. 
It is possible, however, for a salesman to create in a customer an 
artificial desire for something which is unpleasant both to the aesthetic 
senses and to comfort, though such a desire will seldom continue be- 
yond the sale and through the full-life operation of the system. It is 
the prescribing of comfortable installations and the development of an 
appreciation of these which is needed most urgently at the present 
time. Some manufacturers and power organizations are attempting 
this program, but the natural suspicions of people concerning these 
sources of information hinder the rapid adaptation of that which is 
new even though it may be of merit. It is the task of both the archi- 
tect and the application engineer to become informed concerning the 
merits of special equipment and special installations, and to have a 
thorough background in the basic information available from technical 
societies and committees so that they can make judgments and form 
opinions, not from hearsay, but from scientific knowledge. To do this, 
there must be training in vocabulary and fundamental sciences and knowl- 
edge concerning particulars of many and varied successful installations. 

4. Professional Interest. Many professions contribute their knowl- 
edge and interest to the problem of proper seeing conditions for the 
human race. Both artificial and natural light are studied in relation- 
ship to each other and to people. The installation of a pleasing and 
satisfactory lighting system must be a cooperative movement entered 
into by several professions, for it would be practically impossible for 
any one individual to be qualified to prescribe in all branches of the 
lighting field. The final systematic coordination, however, is the re- 
sponsibility of one individual — usually the architect or engineer — 
who must develop an appreciation of the varied interests of the differ- 
ent professions involved. It is essential that some one individual be 
able to appreciate that each profession has a reason for advocating 
practices peculiar to its own interests, although they may be directly 
opposite to those advocated by another group, and to weigh the va- 
rious viewpoints carefully in the final solution of the problem. 
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The medical profession has the primary interest in the physical 
well-being of the individual, and physicians feel that any lighting 
system which has a detrimental physiological effect should be elimi- 
nated. Those in the three basic fields of science solve the fundamental 
problems, and it is necessary for the designers to supply the needed 
illuminants and the control of the illumination. The architect and 
engineer are the ones expected to make available to the public correct 
scientific developments for specific use. Another group of specialists 
who have not often been consulted in planning are the interior decora- 
tors. Unless their problem is included in the design, they may find it 
impossible to produce the desired effects. 

With so many different professions interested in one problem, it is 
necessary that there be a detailed planning of any lighting installa- 
tion, that proper consideration be given to each phase, and that all 
phases be made to complement each other. A lighting system and its 
installation for pleasing and functional illumination is as important 
as the structure itself. The determination of the lighting is not to be 
planned after the structure has been completed, but before it is 
started. Tolerance and cooperation must be the keynote if the light- 
ing system is to be permanent throughout the life of the structure. 

6. The Architect and Illumination. In the design of buildings for 
commercial or industrial purposes as well as in the design of a public 
building, the architect is the central figure. Consultants in the various 
fields of heating, ventilation, sanitation, power, and lighting must 
work through him, and their work becomes part of his general plan. 
This does not mean that the architect arbitrarily fixes the design and 
invites others to contribute their parts without any consideration for 
their needs. 

Frequently the architect assumes the responsibility for every divi- 
sion of the building, a method which is likely to produce a much dis- 
torted conception of the problem. It is not possible for one person to 
be an expert in all the technical problems that enter into the construc- 
tion of a modem building. There is a lack of fundamental knowledge 
in many fields and of contact with the rapid expansion of nearly all 
fields. An expert in each field would approach the problem directly 
through knowledge based on scientific research, and not on individual 
judgment. It is essential that an architect develop a vocabulary and 
an understanding of the different phases of building, but only inas- 
much as he needs it for his services as administrator of the plan. The 
architect must have this much knowledge because his clients demand 
it. The publicity given the development of new illuminants and their 
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use attracts the attention of the client, and he will ask questions per- 
taining to these developments with the expectation of receiving in- 
telligent and valuable answers. 

With the advent of the luminous architectural element, another 
phase of architecture has been developed. Whereas before illumina- 
tion was attached to the architecture, it is now possible to think of 
illumination as being the architecture. In many public buildings and 
theaters this is quite true. It is desirable that the architect develop a 
pleasing architecture with the lighting elements, but it is absolutely 
necessary that these elements perform the primary function for which 
they are installed, that is, illumination in proper kind and quantity. 

To consider lighting for the good of those who use it, it is necessary 
that the architect alter and often put aside some preconceived ideas. 
The architect who puts a glaring direct light- into a school room, be- 
cause of preconceived ideas concerning the looks of some system which 
is practically indirect, has not only violated an obligation to his client, 
but has allowed personal likes and dislikes to cause discomfort to the 
students. He has created an unbearable condition for these individuals 
from which they are certain to sustain physical and financial losses 
which will increase through the course of years. In m doing, in addi- 
tion to failing in a professional sense, he has also failed in civic re- 
sponsibility. Opinions should be based upon sound judgments backed 
by knowledge; personal prejudices should never be the guiding force. 

6. Extent of Knowledge on Correct Illumination. Much of our 
present knowledge concerning human needs for artificial illumination 
is subjective rather than objective. The word science, because of its 
glamour, has been applied in some instances to that part of the sub- 
ject which as yet has no objective unit. In other branches, units have 
been assigned, often only of relative values, and the investigations are 
of a quantitative nature capable of being reproduced. Photometry 
and the measurement of many human traits contributing to comfort- 
able seeing have been investigated, and an intelligent solution pre- 
scribing that which is valuable for human hygiene is being built upon 
these objective measurements. 

The eye was developed under conditions in which illumination was 
high in value and the tasks did not require dost or detailed attention. 
It has a sensitivity for detecting light far in excess of the most elab- 
orate instruments, but its adaptability is so high that it cannot readily 
appreciate a change in illumination, nor can it measure accurately the 
difference between the amount of illumination at one point and that 
at another. 



6 


INTRODUCTION 


Much information concerning human behavior has been accumu- 
lated when only very small samples were available, and sometimes 
these samples were chosen under circumstances that would not pre- 
clude some conditioning produced by atmosphere or association. Re- 
search, that should become the basis of a better understanding of the 
problem, has been limited to adult population, and the formative years 
in which lifelong damage comes to the eye and nervous S 3 rstem have 
not been investigated. The problem has created much concern, and 
efforts are being made to obtain a clearer understanding; but no ob- 
jective answer which would permit the prescribing of illumination for 
any specific task beyond the question of a doubt has been established. 
There is much to support the contentions concerning proper light 
control and the need for illuminations of higher intensity than are 
being used today, but what these absolute needs are has not been de- 
termined. It is not even known what the highest allowable values of 
illumination are. 

The average individual does not give much thought to either art 
or comfort, but accepts that which is supplied and seeks no further. 
The salesman sells the equipment by personal appeal and salesman- 
ship, and prescribes the amount of illumination by rule-of-thumb 
methods, using formulas no better than the limits under which they 
are evolved. Frequently sale of the equipment depends upon what 
the salesman has available rather than upon such merits as economy 
and service. 

In subjects in which the specific knowledge is as limited as it is in 
illumination, it behooves those specifying the types and character of 
the lighting system to obtain all the objective knowledge available. 
Those who purchase lighting systems should recognize the difficulty 
of specifying proper lighting and entrust their problem to a disin- 
terested expert who is trained to bring to bear upon the problem all 
that is known concerning it, and who keeps informed of every new 
development and research which will make the solution more reliable. 

7. The Point at View of the Architect on lUtunination. The fore- 
going paragraphs have given the approach of the engineer to the analy- 
ffls of the problem of illumination. It would be well to investigate the 
point of view of the architect concerning the need for a detailed con- 
sideration of illumination and its application to the building. The 
following excerpts have been taken from a monograph prepared by 
Professor Stanley McCandless ® of Yale University and are that por- 
tion of the monograph considering the problem in general. 

. . . practically all architects, from the school of Frank Uoyd 

Wri^t to tbom who continue to hw with Ralph Adams Oami 
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seem to agree that at night the lighting makes things fit and even 
dramatizes the design. There are also suflicient every-day ex- 
amples to indicate that lighting, properly used, is a great asset and 
promises to influence design far beyond its purely utilitarian 
aspects. 

Utilities and manufacturers have launched elaborate drives to 
make people more light-conscious. New developments are quickly 
announced in the press. Designers and architects are flood^ with 
printed matter and sales talks until there is danger that modem 
lighting may be considered only a passing fad. No doubt in many 
instances the uses of light have been too ambitious, but no archi- 
tect who has faced the problem of lighting one of his buildings can 
deny that his knowledge of how to use light more effectively is 
indefinite and confused. He may even have come to feel that 
fundamentally lighting must be designed with the rest of the 
building and that its final efieci is not so much the problem of the 
illuminating engineer but his own responsibility. 

Practically all training in the design of architecture, sculpture, 
and painting has been carried on under the conditions of natural 
illumination. These conditions are almost impossible to produce 
with artificial light short of the flexibility provided by stage light- 
ing equipment. Assuming that artificial lighting were able to 
produce the precise conditions of natural illumination, which it 
cannot efficiently, the designer might continue in his present 
methods comfortably, but the inefficient and exorbitant use of 
power would be as anachronistic and wasteful as the erection of an 
all steel building designed to simulate stone architecture. As long 
as artificial lighting does not create nature^s conditions upon which 
the desi^ is usually based, the appearance of any visual com- 
position is bound to be altered. It comes down to the choice of 
accepting a questionable appearance under artificial illumination, 
using no artificial lighting, or designing for both natural and arti- 
ficial illumination. Certainly the last is the only tenet to follow. 

Centuries of tradition have accustomed us to judging the visual 
arts as they appear under natural light. Inasmuch as our sense of 
taste has been developed under these conditions, what should be 
the basis for judgment under artificial illumination where the field 
of visual expression is so much broader? Some will question its 
offering greater opportunity for expression because present-day 
equipment does not permit the simulation of natural effects. It is 
obviously necessary to judge artificial lighting, even as it can be 
pjroduced today, from a different point of view than by the tradi- 
tional measuring stick applied to the visual arts, those designed 
alone for natural lighting. Ultimately taste must evolve in terms 
of our appreciation of these arts as we are accustomed to see them. 
From a practical point of view, with the small electric lamp as the 
unit of expression, puny and microscopic compared to the sun, we 
are forced to see beauty abstractly and not as nature shows it. 
The standards are similar to those of the architect designing a modem 
building devoid of traditional elements, but insofar as the human 
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being responds to the beauty of visual eflfects developed under 
natural light most completely, so the function of lighting, even 
though abstractly expressed, is to satisfy these conditions. 

If the original conception of a design is somewhat complicated 
by this additional problem, it is considerably offset by the exten- 
sion of the field of expression. The stability of natural lighting as 
an asset is less important than the flexibility of well planned 
artificial illumination when used as a basis for design. The ability 
to emphasize or suppress form, to enforce composition, to lend 
mystery and scale, to play with color, and beyond all these to be 
able to alter the appearance of essentially static elements, appeals 
to the designer. These are obvious possibilities of artificial illumi- 
nation, but they will seldom be realized until the designer accepts 
the added complications, and treats them as added opportunities. 

From one point of view, lighting can be thought of as a struc- 
tural material which is used in a building to help it serve various 
functions. Lighting has certain characteristics which determine 
its use and design Gke other materials, such as brick, steel, stone, 
and concrete. It should be designed by the architect as definitely 
as when he uses these materials. Unfortunately today it is com- 
mon practice to treat lighting like furniture and decoration; equip- 
ment that can be added after the building has been designed. It is 
something the engineer and the fixture manufacturer can supply 
after the building is pretty well started. If this latter point of view 
persists, lighting practice is bound to continue in the same channel. 
Difficult as it may be to visualize lighting as a structural element 
in architectural design, this consideration must eventually exist as 
a conviction in the mind of the designer. 

It is hardly necessary to amplify this idea further Out of all 
the welter and turmoil caused by modern design, very few detail 
suggestions are forthcoming. The distillation ejects such terms as 
functionalism, simplicity, frank use of materials, and keeping 
abreast of the changing functions of modem business, methods, 
materials, and living. Perhaps each designer should be free to 
choose his own interpretation of these fundamentals. The same is 
true with lighting. It is possible to outline the fundamental 
characteristics of lighting but the details of application must be 
left to the designer and engineer. 

If the function of the designer is to visualize in terms of beauty, 
efficiency, and functionality; the engineer should undertake the 
task of supplying the technical equipment and advice that help to 
make the vision a reality. It is no doubt true that there are many 
technical improvements to be made to supply this need, but the 
engineer is helpless when forced to violate physical laws to fit 
lighting into a condition for which it was not planned. The 
situation is as fundamentally wrong as expecting gravity not to 
work in flaring the weight on builcHng foundations. A great deal 
of the criticism of lighting to-day is due to this procedure. Gener- 
ally the designer involv^ blames the engineer unconsciously be- 
cause he has not realized his own responsibility in the case. An 
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engineer is a technician and a scientist, not a designer, as a rule. 
What architect would expect or even allow a contractor to build 
his building from a verbal discussion? Yet this is approximately 
the procedure of lighting of most buildings to-day. 

Lighting is mentioned as one of the new materials which are 
now available for architectural design only to support the point 
that it should be designed with the building, and that since the 
development of the electric lamp, new uses beyond that of giving 
visibility where and when natural light does not exist, have be- 
come apparent. The design of lighting has three important 
aspects; 1. Functions; 2. Characteristics; and 3. Technical De- 
velopments. 

. . . One of the steps in the appreciation of visual beauty, such 
as a picture, is the composition or pattern of light rays that enter 
the eye. Broadly speaking all painting, sculpture, and architecture 
are static elements in the seeing process. They reflect, transmit, 
absorb, and color the rays of natural light that, fall on them and 
present a picture or visual impression. The part light plays in 
conveying the beauties of the visual arts to the observer is an 
accepted condition of their existence. The designer\s degree - of 
dependence upon the constant factors in natural lighting becomes 
obvious when these conditions do not exist as in the case of most 
artificial lighting. 

Where there is no light, objects cannot be seen. Therefore, 
light gives visibility. Bare lamps make things visible, but they 
cause eyestrain at the same time. Good design is of no value 
unless it can be seen comfortably. Good lighting can even make it 
possible to see things with greater comfort than under the un- 
controllable conditions of natural illumination. A careful use of 
artificial light enables the designer to determine a definite visual 
composition^ to disclose some things and to suppress others, and at 
will, to be able to change the appearance of static objects. In the 
process the chief motive in the designer’s mind is to provide a com- 
position which creates the feeling of appropriate atmosphere. 

A homely example may serve to point out these general func- 
tions of lighting more clearly. We bring a lamp of ample wattage 
or candlepower into a darkened room so that we can see. We put a 
shade on it to eliminate glare from our eyes and make it comfort- 
able. We place it in the room to advantage and select the color 
of the shade and the brightness of the lamp to give a satisfactory 
appearance. And we find that we have established with the other 
elements in the room a certain atmosphere which we call home-like. 
These functions extend the usefulness of lighting beyond that of 
^ving just visibility; visibility which may be adequate in terms of 
illumination but which is uncomfortable, whieh gives a bad com- 
position to things in the line of vision and finally which does not 
create the right atmosphere. 

. . . Artificial lighting does not automatically provide the best 
illumination for comfortable vision. The motive behind the re- 
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moval of the eflScient bare lamp hung in the center of the room 
and the substitution of several types of shaded lamps placed about 
the room involves a sense of selection that places the efficiency of 
effect above cost of current. The difference between natural light 
and the arbitrary effect of artificial illumination requires a careful 
application of the principles of composition. 

Traditional sources, such as lamps, candles, and ornamental 
fixtures, will continue to have a place in the scheme of lighting 
until something better is provided. Their chief recommendation is 
the associations they recall; certainly not their efficiency, because 
they fail to satisfy so often the functions of visibility and comfort. 
Lighting should not be thought of in terms of fixtures but as a 
plastic medium subject to design. Concealed or exposed fixtures 
are incidental to the space filling and revealing characteristics of 
light. 

This makes lighting essentially a problem of modern design. 
It is practically without tradition, so that every principle of pure 
design: — unity, harmony, and balance — must be applied to 
supply composition as well as visibility, comfort, and atmosphere. 
An arbitrary expression may be as different from any natural or 
traditional design we may know, as long as it serves these func- 
tions. Certainly the abstract beauty of lighting occasionally seen 
in revues and musical comedies can encourage us to believe that 
the beauties available with artificial light are more extensive than 
those normally found in nature. 

... If things we see seem to possess a certain quality that 
involves our relation to them, something intangible that creates 
feeling described as ‘‘home-like,” “peaceful,” “exciting,” etc., 
lighting must conspire with the inanimate surfaces on which it falls 
to help to create this atmosphere. The designer must be impressed 
with the care that is exerted in the theater to make the lighting 
assist in expressing the mood of the play. How far does the final 
effect of an interior reproduce the well-studied rendering prepared 
by the designer? In its final form how far does the lighting create 
the atmosphere planned? Let us have more desi^s showing how 
rooms can look not simply how some one would like them to look. 

Even the natural light illuminating the room establishes the 
composition and atmosphere by the orientation and fenestration of 
the building. Perhaps a serious study of window placement, the 
use of reflectors and colored shades might reveal new possibilities 
in creating different compositions and atmospheres with daylight. 
Certainly an atmosphere consistent with the function of the room 
or building ought to be provided by the designer. 

. . . Lighting m these terms (intensity, color, distribution, 
movement) is the result of the application of taste and intuition 
by the artist. He must be articulate so that his vision can be in- 
terpreted by the engineer with available material. The most diffi- 
cult problem in creating a definite composition and atmosphere is 
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that it is impossible to anticipate the exact technical requirements 
which may oe necessary to achieve the proper results. In any 
plans where the desi^er has ambition to attempt to employ ^ 
the functions of lighting, he must be ready to provide the utmost 
flexibility for creating the results. It is not always economical and 
sometimes highly experimental, but probably no more so than 
many of the gadgets and methods which are constantly being used 
because they produce results. 

. . . One of the tenets of modem desi^ is the frank and effi- 
cient use of materials according to their physical characteristics. 
This imposes definite limitations on design which are not easily 
overcome, but within which ingenuity soon finds considerable 
latitude for expression. The artist is one who capitalizes the 
particular characteristics of his medium and makes a virtue instead 
of a liability out of its peculiar qualities. Tradition enables us to 
appreciate the difference between brick and stone architecture. It 
may not yet be time to judge rightly the most aesthetic use of 
steel and concrete in architecture, but one of the bases of jud^ent 
of a building lies in the feeling that the material has been efficiently 
and honestly used to produce a beautiful effect. This feeling is prob- 
ably awakened by the physical laws involved in the use of the various 
materials. 

The electric lamp has removed so many of the technical limi- 
tations incident to the use of artificial light that it can now be 
considered as a new material available for use in design. The 
physical laws which light rays obey explain many of their funda- 
mental characteristics. 

We know that the use of steel is based on laws of gravity and 
that it is capable of bearing certain loads, resisting shear and 
bending, and can be obtained in certain practical forms. Many 
of the phenomena of light previously confined to the laboratory 
can now be employed practically. This development indicates 
that lighting can be used to serve more nearly the functions out- 
lined in the previous section. However, this must always be re- 
lated to the practical equipment which is available. 

. . . Technical aspects of artificial lighting involve problems 
dealing with light sources, fixtures, distribution, and the objects 
to be lighted. The available equipment, methods of use, and the 
design of the space elements determine the technique of procedure. 

The designer must coordinate his plans with the characteristics 
of light and electrical equipment. Inasmuch as the architect 
genei^y considers the appearance of his desigfi under the deter- 
minable effects of natural li^t, this added problem in design for 
artificial lighting makes his duties considerably more involved. 

The status of technical equipment is such that only a limited 
number of ideas can be expres^ successfully. The final result 
always depends upon the care with which the designer has con- 
ceive in terms of the possible. From an exaggerated point of 
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view, inasmuch as lighting is probably more limited and less under- 
stood than any other medium of design, it might be well to con- 
sider lighting first in any design. In this way certainly the 
designer would not conceive effects that were impossible to pro- 
duce with the available means of expression. 

A thorough knowledge of the relationship of the technical 
factors and the characteristics of light can only be gained through 
experience and the actual handling of equipment. The selection 
of the available light sources and equipment for modeling light, 
their installation and use, are the practical methods whereby the 
resultant distribution can be created most effectively in relation 
to the objects to be illuminated. 

. . . Obviously, no artificial light source can meet the condi- 
tions supplied by the sun, but with the sources available the 
disadvantage is offset somewhat by the ability to exert a degree 
of control over them. The extent to which the various qualities 
of light can be produced and controlled through artificial light 
sources is the foundation upon which the structure of lighting 
technique is built. 

. . . Fixtures are in a sense accessories to the light source and 
are generally designed to shape or model the rays of direct ema- 
nation. If they are concealed, they can be essentially functional in 
form. Traditionally, decoration has provided us with such a range 
of ornamental fixtures that even if we now have a much more 
efficient source, there is often good reason for affording the extra 
cost of the use of the ornamental metal and glass for decorative 
purposes. Regardless of the design of the exterior of the fixture, 
the optical apparatus contained within should satisfy all the 
physical characteristics to which light is subject. In particular, the 
location and desi^ of a fixture is determined by the desire to 
create a definite cSstribution in view of its position and the object 
or surface to be lighted. Where several fixtures are to be used, the 
distribution from one must be related to the distribution of the 
others. 

... By all odds the greatest contact with the outside world is 
due to the presence of the light rays in the space in which the 
objects exist. The resulting form of the density, color, and direc- 
tion of light rays projected into space from all the fixtures of 
various types that are used to create the visual composition, is 
considered under the heading of distribution. 

In order to distinguish objects in a natural or specially selected 
manner so that the proper visibility, comfort in seeing, composition, 
and atmosphere are given, a definite distribution of light must be 
provided. In view of the available equipment and traditional 
practice, certain methods of lighting have been develop^, but for 
the most part they have been established due to limitations which 
recently have been overcome. As long as the designer treats 
lighting as a plastic medium, his method will be of secondary 
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importance and determined by the development of equipment, for 
each new problem that is presented.' 

The inability of the fixture to give a range of the qualities of light, 
as a rule necessitates the use of several. These fixtures must be 
placed about in available positions, and as a result the directions 
of the light rays and the intensities and colors of the light sources 
determine the form of distribution, which not only illuminates 
various static objects but fills the space in which moving objects, 
such as people, may pass. Distribution considers particularly the 
density and the direction of the light rays from all the instruments 
and their additive effect at any point in space. The illumination 
of objects and space by several instruments is determined by the 
additive effect of all the rays that are superimposed at any point 
on the object lighted. 

. . . The general term “object'^ is applied to things which are 
not self-luminous but which are seen because of the light reflected 
from them to the eye. Inasmuch as most of the things we see 
are not self-luminous, their appearance depends upon the qualities 
of the illuminating light. From the standpoint of the object itself, 
its pigment, surface texture, shape, size, and position, (which are 
usually, though not always, fixed) are determining factors in its 
appearance under the illumination that is provided. The position 
of the observer in relation to the direction of the light rays illu- 
minating the object is also another important factor. Although 
the consideration of the object in this section suggests individual 
subjects, the relation between all the objects in the field of vision 
determines the visual image or composition. 

The appearance of objects under natural light is the accepted 
condition for pictorial design, so that when their appearance under 
artificial light is being determined, the same subjective standard 
of taste applies. The difference between the two, however, de- 
mands a broader conception of the use of pigment, form, texture, 
and position of objects in order to achieve results with artificial 
illumination comparable to design under natural light. As has been 
suggested before, there are many new possibilities, such as changing 
the apparent form and color of objects by means of artificial light 
in a way which cannot be approached under natural conditions. 
On the other hand, in view of the technical limitations imposed 
by the inflexibility of the equipment available and the physical 
laws which govern the distribution of light, the design of the 
static objects in the field of vision must be related to the lighting. 

. . . The designer should become thoroughly acquainted with 
the functions, the characteristics, and the general technical ele- 
ments involved in the use of light before he can hope to use it 
successfully in his practice. The psychological aspects of lighting 
are as yet too general to make it possible to predetermine precise 
visual effects. For this reason the designer is cautioned to provide 
adequate flexibility in any design for adjustment after the installa- 
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tion and the building have been completed, and he should take 
care not to try to use light beyond the point where his own in- 
formation or good engineering advice will reasonably guarantee the 
practical effectiveness of his plans. Lighting is essentially in its 
early stages, and it should be permitted all the favors of an ex- 
perimental material, but it bids fair to become the most important 
new development in architectural design that has occurred since 
the beginning of steel construction. 

Architects were slow to realize that a material used in building 
bridges could be employed to advantage in architectural construc- 
tion. When they learned the possibilities and characteristics of 
steel, an entirely new style of architecture came into being. It is 
possible that a similar evolution with regard to lighting may take 
place. Many old conceptions of design must be dropped and new 
tastes must be developed before lightuig can be used most effec- 
tively in design practice. 

The foregoing quotations show that the architect who is seriously 
considering illumination uses it as a medium of architecture to be 
considered and designed with the building as a whole, not something 
to be applied after the building is complete. Illumination has possi- 
bilities that up to the present have hardly been touched, and it is an 
art expected to be developed, producing new tastes in the acceptance 
of designs. 


BIBLIOGRAPHY 

1. H. H. Hiobik, Lighting Calculations, John Wiley & Sons, 1934. 

2. W. Kdnertk, Textbook of Illumination, John Wiley & Sons, 2nd ed., 1936. 

3. P. Moon, The Scientific Basie of lUuminaUng Engineering, McGraw-Hill Book 

Co., 1936. 

4. W. E. Barrows, Light, Photometry and Illuminating Engineering, McGraw- 

Hill Book Co., 1938. 

5. S. McCandlbss, Lighting for Designers, Monograph, Yale Univ. Press, 1938. 

6. WxsTiNOKOusE ELECTRIC AND Manufactdrinq Co., Artificial Light and Its 

Application, 1940. 



CHAPTER 2 


OBJECTIVE SPECIFICATION OF ILLUMINATION 

DEFINITIONS AND MEASUREMENTS 

Illumination in the amount required to give the desired degree of 
comfort depends more upon psychological and physiological laws than 
upon actual physical measurements of the light. Therefore, since 
these factors enter into the specification of the amount of illumination 
and the type of system required for a specific task, the problem of 
proper and adequate lighting is one which is both objective and sub- 
jective, with the subjective factors probably of more importance. 

The objective measurements of light depend upon establishing 
fundamental units and upon the response of an instrument as sensitive 
to every wavelength of light as is the normal eye. The normal eye 
responds to the sensations of light according to a curve which has been 
determined by many observations on the eye reactions of a large ex- 
perimental group of human subjects. 

Even though the units for light measurement depend upon sub- 
jective data and the human eye still plays an important part in the 
duplication of standards, the fundamental units can be duplicated to 
a high degree of accuracy for the purposes of comparison. With the 
advent of new devices and methods in physical photometry, it is hoped 
that in the near future standards may be established entirely free from 
the element of human error. 

1. The Nature of Light. Light ^ is defined* as radiant energy 
evaluated according to its capacity to produce visual sensation. Two dif- 
ferent approaches are used in the measurement of light: 

o. the radiant flux symbol; expressed in ergs per second or in 
watts, the unit) which is the time rate of flow of radiant energy ap- 
plicable to any part of the spectrum; 

h, luminous flux, (F, symbol; lumen, the unit; abbreviation of the 
unit, 1.), the time rate of flow of light applicable to the viswd region 
of the radiant spectrum. 

• All definitions in the text will be given according to those of the American 
Standards Association for '^Illuminating Engineering Nomenclature and Photo- 
metric Standards*’, approved December 19, 1932. 
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Luminous flux has been the quantity used by those applying il- 
lumination, but in the future it is probable that more interest will be 
taken in units that include the two regions adjacent to the visible re- 
gion. Figure 1~2 * shows the curve of relative visibility. This curve 
is so arranged that unity will occur at a wavelength of maximum 
visibility. The color allocation on the scale represents the usual ac- 
cepted classification. It will be seen that the blue and red ends of 
the spectrum contribute little to visibility. When measured in wave- 



Fio. 1-2.* The visibility curves for the normal eye. The relative brightness of 
spectrum colors at various wavelengths based on equal energy amounts. For the 
light-adapted eye the maximum occurs at 555 him and for practical purposes is 0 at 
400 and 700 m/x. Light-adapted eye brightnesses greater than one equivalent foot- 
candle. Dark-adapted eye brightnesses less than 0.0005 equivalent foot-candle. 

lengths, at the red end the wavelengths are longer; at the violet end 
the frequency is higher (wavelengths are shorter). 

The curve of visual response (Fig. l-2a) has been plotted for the 
relative visibility factors recommended by the International Commis- 
sion on Illumination,* with recommendations that these represent 
the relative visibility factors for general use. In special cases which are 
concerned with end regions of the spectrum or with peculiar conditions 
these provisional values may be uncertain; care should then be taken 
to select and use the values which correspond to the particular prob- 
lem. Figure l-2h shows also the response curve for the dark-adapted 
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eye. The transition from curve a to curve b is most marked between 
0.2 and 0.001 ft-L. The term visibility factor ^ (in lumens per watt: 
lumens divided by the power rating of the source), for the radiation 
at some particular wavelength, is the ratio of the luminous flux at 
that wavelength to the corresponding radiant flux, and the relative 
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Fig. 3-2. The region of the radiant spectra used in illumination practice. The 
listing gives the comparison between units. The millimicron is the most practical 
unit for use in illumination. 

visibility factor,^ for a particular wavelength, is the ratio of the visi- 
bility factor for that wavelength to the maximum value of the visi- 
bility factor. 

The application of illumination was first concerned with only the 
visible spectrum and was definitely confined to the definition given for 









18 


OBJECTIVE SPECIFICATION OF ILLUMINATION 


light. Recent expansion of the field into both the ultra-violet and 
infra-red covers the specification of radiant energy sources not within 
the visible spectrum. In these fields are the sun lamps, sterilizing 
lamps, and infra-red drying installations. 

Figure 2~2 shows the relative position of the region of the radiant 
spectra considered in the field of visibility and indicates the additional 
expansion of the field into non- visible radiation. Figure 3~2 is an en- 
larged section of the region to which the illumination engineer, the 
lighting specialist, and the architect confine their interests. The other 
portions of the radiant spectra are considered by both the pure and 
applied sciences. 

The present trend makes it evident that soon those specifying 
lighting and the use of radiant energy in the practice of illuminating 
engineering and kindred subjects must become conversant with the 
radiant spectra and understand the special units designating it. 

The various portions of the radiant spectra have units so assigned 
that, in practice, the least use must be made of excessively large or 
small numbers. These units are: 

1 micron (/i) *= 1 x 10* micromicrons (mm) 

= 1 X 10* Angstrom units (A) 

= 1000 millimicrons (m^t) 

= 0.001 millimeter (mm.) 

= 1 X 10“* centimeter (cm.) 

* 1 X 10-* meter (m.) 

« 0.039370 mil 
- 3.937 X 10-* inch (in.) 

In the working range for use in applied illumination, the common 
units are: 

Infra-red 1 f2000 to 760 

Visible region > millimicron \ 760 to 400 

Ultra-violet J [ 400 to 200 

2. Physical Phenomena and Analysis. The physical phenomena 

fall into three divisions: cause, opposition, and effect. Objective 
measurements are made in each division, and the units are assigned to 
each group. The laws of the interrelationships between these three 
divisions constitute the objective consideration of physical phenomena. 

To make the objective measurements and the deductions for the 
operation of the physical laws, the subject is studied as to definitions, 
statistical facts, general laws (mathematics), and, lastly, derivations. 
The latter depend upon the logical combination of the specific statis- 
tical findings with the general natural laws in order to obtain oonclu- 
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sive proof of actual occurrences or to predict possible results which 
may be expected. For example, to solve for the amount of illumina- 
tion upon a certain surface when the total output from the source is 
known, subtract from this total output the amount of light absorbed 
by the surroundings. Before such problems can be solved, all analysis 
must be reduced to a language applicable to the sp)ecific subject; 
therefore, the definitions, the units, and the means of measuring the 
units are of the greatest importance. 

3. Luminous Intensity. Luminous intensity is a characteristic 
applicable to a source, and for definitional purposes the source is a 
point source of light. This characteristic is expressed by the la3nman 
as the brightness of the source, but technically this classification is in- 
correct and should be avoided. 

Luminous intensity * or candlepower (7, symbol; unit, the candle; 
abbreviation of unit, c.) is the solid-angular flux density in the direc- 
tion in question. Hence, it is the luminous flux on a small surface 
normal to that direction divided by the solid angle (in steradians) 
which the surface subtends at the source of light. In practice, it is 
impossible to have a point source of light; but it has been accepted 
that, if the diameter of the source is 20 per cent of the distance from 
the measuring instrument, the source acts as a point source for prac- 
tical purposes. A ratio of ten to one is used for very accurate scientific 
purposes. 

The unit of luminous intensity which is used in the United States 
within the limits of uncertainty, is the international candle (1909), and 
it is a specific fraction of the average horizontal candlepower of a 
group of 45 carbon-filament lamps (preserved at the Bureau of Stand- 
ards) when the lamps are operated at a specific voltage. This is a 
secondary standard, but it is hoped that at some early date an ac- 
cepted primary standard can be found for specifying the international 
candle. The candle is a basic unit in the determination of other units 
for measuring light and its effects. 

In photometry,^ which is the specialized branch of science dealing 
with the measurement of light, several different types of standard 
lamps are maintained and used. Since these standards are lamps of 
the incandescent type, and the measuring equipment used by the 
engineer in the field must be frequently checked by the standards, it 
is necessary that the illuminating engineer have in his vocabulary the 
words for differentiating between these standards. They are: 

o. Primary standards ® — a source of lunainous intensity that can 
be reproduced from specifications. 
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b. Secondary standards ^ — a source calibrated by comparison with 
a primary standard. These are the basic standards of the present for 
there are no primary standards that are satisfactory. Their values 
are accepted by agreement. 

c. Working standards ^ — a source used in laboratory measurements. 

d. Comparison lamps ^ — a source used to compare test lamps and 
working standards. Not calibrated for luminous intensity. 

c. Test lamp ^ — the lamp to be tested. 


Point 

Source^ 






Figure 4-2 shows a point source of light of one unit, and when it is 
observed at any distance and from any position the photometer P 
(obeying the response curve) should record the same value. This is 

true because the image formed 
on the retina varies in size with 
distance in the same proportion 
that the illumination varies, so 
that the intensity of the image 
remains constant. The limitations 
of distance are controlled by the 
forming of an image on the ret- 
ina that will stimulate the nerve 
endings. 

In Fig. 4-2, a point source of 
light which has the same intensity 
in every direction has been as- 
sumed. In practice, sources may not have the same intensity in every 
direction and may even be as)nmmetrical in the distribution of lumi- 
nous intensity in all directions. To express a representative distribu- 
tion from such sources, the following terms have been applied in 
defining regional intensities: 


V 


Pt7oto/77eter ’ 


Fig. 4-2. Intensity is independent of dis- 
tance and position when a point source of 
light is considered. 


o. Mean horizontal candlepower^ (Z^, symbol; unit, candle; ab- 
breviation, mhcp.) is the average candlepower in the horizontal plane 
passing through the luminous center of the source. It has been as- 
sumed that the source is mounted in the normal manner. 

h. Spherical candlepower ^ (/„ symbol; unit, candle; abbreviation, 
scp.) is the average candlepower of the source in all directions in space. 

c. Hemispherical candlepower * is the average candlepower of the 
source in the hemisphere considered. 

d. Zonal candlepower^ is the average candlepower of the source 
over the given zone. 

Figure 5-2 represents the readings taken to obtain the values de- 
fined above. The average of the values in the plane Pi to P$ is the 
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mean horizontal candlepower; the average for the whole sphere is the 
spherical candlepower. The definitions of the hemispherical and zonal 
candlepowers are self explanatory when Fig. 5-26 is examined. 

4. Luminous Flux.^ Since this is the time rate of flow, the lu- 
minous flux multiplied by the time will give the total quantity of 



Fig. 5-2. (a) Readings for determining the mean horizontal candlepower. The 

mean of the readings for the whole sphere is the mean spherical candlepower. (6) The 
other definitions for regional candlepower are indicated. 



Fig. 6-2. (a) Relatiopship between intensity, rate, and illumination. (6) The 
foot-candle using the point source, (c) The foot-candle using practical consider- 
ations (apparent foot-candles). 

light. The total luminous flux from a point source of one candle with 
one candlepower in every direction will be 47r (12.57) 1. The lumen ^ 
is defined as the flux through la solid angle (steradian) from a imit 
point source of one candle, or the flux on a unit surface, all points of 
which are at unit distance from a uniform point source of one candle. 

Figure 6-2 shows a physical demonstration of the relationship be- 
tween the candle source and the luminous flux. Any sphere, if it has 
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a radius of one unit, will have irr units of area; therefore, a unit 
candle placed at the center of such a sphere and obeying the latter 
portion of the definition will be emitting iir units of light per unit of 
time. 

The mean spherical candlepower of any light source is a measure 
of the source output, for the mean spherical candlepower multiplied 
by 4w gives the lumens of the source. In photometric work, the time 
element is usually neglected, and the lumen is considered as the quan- 
tity of light, which, in a strict scientific sense, it is not. 

6. Illumination. Illumination ^ (E, symbol; unit, foot-candle; 
abbreviation, ft-c.) is the density of the luminous flux on a surface; 
it is the quotient of the flux divided by the area of the surface when 
the latter is uniformly illuminated. The foot-candle is the unit of 
illumination when the foot is used as the unit of length. 

Figure 6-2, since it is drawn with a unit radius of 1 ft., shows the 
relationship between the three important basic units used in describing 
light and specifying illumination. The source in Fig. 6-2 is 1 c.; the 
flux from the source is 47r lumens, and the area A BCD is illumi- 
nated to 1 ft-c. If Fig. 6-2c is considered, the surface, though 
a square foot, is not illuminated uniformly for it is not equidistant 
from the source. Also, if the source ceases to be a point source, the 
basic relationships change. Since both these conditions are normally 
encountered in practice, the definitions used in application of the art 
of illumination consider not true foot-candles but apparent foot- 
candles. The apparent candlepower^ of an extended source of light 
measured at a specific distance is the candlepower of a point source 
of light which would produce the same illumination at that distance. 

The flux from any source may be considered in two parts or as a 
whole, where 

tokd flux * is the flux from the source in all directions; 

upward flux * is the flux from the source above the horizontal plane 
passing through its center, and 

downward flux * is the flux from the source below the horizontal 
plane passing through its center. 

In summary, the relationships may be expressed as: 

basic units are candies or candlepower 
lumens (F) - 4 t x scp. 
foot-candle (F) - F 4- area 

these being properly used for either theoretical or practical applica^ 
tion. 
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Example a. Determine the lumen output of an incandescent lamp that 
has a mean spherical candlepower of 780 c. 

F « 47r X 780 
F « 12.57 X 780 « 9800 1. 

Example b. If a surface having a reflection factor of 80% is illuminated 
to 20 ft-c. and measures 2 ft. by 4 ft., determine the number of lumens re- 
quired to produce this average illumination. 


area 

F * 20 X (2 X 4) = 160 1. 

6. Brightness.* Brightness 
{B, symbol; unit, candle per unit 
area or foot-Lambert; abbrevia- 
tion, ft-L.) is the quotient of the 
luminous intensity of a surface 
measured in a given direction 
divided by the area of this sur- 
face projected on a plane perpen- 
dicular to the direction considered. 

The brightness of a surface is 
usually not uniform but varies 
with the angle at which it is 
viewed. This fact should be con- 
sidered in making statements of 
brightness. Figure 7-2 shows the 
relationship between the source 
of illumination and the measure 
of brightness (the projected area 
being considered). 

The unit, foot-Lambert, is equal to the average brightness of any 
surface emitting or reflecting light at the rate of 1 1. per sq. ft., or the 
uniform brightness of a perfectly diffusing surface emitting or reflecting 
light at that rate. The average brightness (in foot^Lamberts) of any 
reflecting surface is, therefore, the product of the illumination in foot- 
candles multiplied by the reflection factor of the surface (E times p). 
Candles per square inch multiplied by 1447r (452) will give the bright- 
ness in foot-Lamberts for diffusing surfaces. 

Example c. What will be the br%htness of the surface in example 5? 

B « 20 X 0.8 * 16 ft.-L. 

The entire subject of brightne^ is complicated and should be ap- 
proached with caution in order to avoid erroneous conclusions. The 




Fig. J7-2. (a) Brightness from a source. 
(&) Brightness from a reflecting surface. 
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first work in illumination considered the problems caused by bright- 
ness, but when the lumen method of evaluating illumination became 
the common practice brightness was neglected. Recently, there has 
been a revival of the use of this factor and it seems logical to consider 
the specification of proper lighting from the point of view of brightness 
instead of foot-candles. In Chapter 3, the subject of brightness plays 
a more important part in determining the ability to see than do foot- 
candles, since brightness includes the difficulty of the task as well as 
the illumination. 

7. Ulumination Influenced by the Angle of Inclination of the Sur- 
face. In discussing the illumination of a surface, it has been assumed 
that the surface is normal at all points to the beam of light. Most 
surfaces are not curved but flat; therefore, the quotient of the lumens 

divided by the area will give the 
apparent illumination, since most 
sources are not at such a distance 
as to give parallel beams of light. 
In a room where the light is well 
diffused, the quotient represents 
the average illumination on the 
surface. 

Figure 8-2 shows a surface nor- 
mal and inclined to a beam of paral- 
lel light rays. In Fig. 8-2a, with 
the surface A BCD normal to the 
beam, the rays are intercepted by the part illuminated. In Fig. 8-26, 
the surface A BCD is inclined at an angle d with the plane normal to 
the beam, and the area exposed to the same flux is larger. Its il- 
lumination will therefore be less, or the expression for the illumination 
on Fig. 8-26 will be Ei cos 0.* In computing illumination for specific 
surfaces and in making measurements of illumination, this must be 
kept in mind or errors will result. 

Example d, A beam of light, if normal to the surface, would produce an 
illumination of 15 ft-c. Determine the average illumination on the surface if 
the surface is so inclined that the angle between the original position and the 
new position is 30 degrees. 

E - lb X cos 30® 

« 16 X 0.866 « 12.99 ft-c. 

8. Inverse Square Law.^ This is a common law of nature which 
does not apply to light alone. A statement of the law is: The illumi- 

* Funotions for common angles will be found in the Appendix. 



Fio. 8-2. Illumination on surfaces not 
normal to the light. 
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nation is proportional to the intensity of the source and inversely pro- 
portional to the square of the distance of the source from the surface. 
This may be expressed as 



where E is the illumination, 7^, the luminous intensity in the direction 
considered, and d, the distance from the source to the surface. Figure 
9~2 demonstrates the truth of the law, for, if the point source of light 
illuminates alternately surfaces 1, 2, and 3 ft. from the surface, the 
area included at these points will be 1, 4, and 9 sq. ft. 




(b) 

Fig. 9-2. (a) The square law and the point source, (b) The square law in appli- 
cation (apparent illumination). 

The law as expressed does not consider atmospheric absorption of 
the light and applies to point sources only. This would not permit an 
analysis of the practical problem, for parallel rays of light and light 
sources with appreciable dimensions would be excluded. As mentioned 
on page 22, the law does apply for practical purposes if the distance is 
five times the diameter of the light source. 

9. Horizontal and Vertical niumination at a Point. The inverse 
square law ^ is used in photometric calculations and was used exten- 
sively in the prediction of the illumination provided by a lighting 
system early in the development of the art of illumination. Since 
reflected light from side walls and ceiling added to the direct light 
component supplied by the source, there was the necessity of using 
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factors, determined almost entirely by empirical means. This method 
is cumbersome, and the lumen method was developed for predicting 
interior illumination, though the point-source method was still re- 
tained for lighting systems where there was no additional light by 
reflection. Recent lighting has developed a semi-direct system of light- 
ing by which the direct component of light is supplied by sources 
which may be considered point sources, and the component of indirect 
light is supplied by luminaires. This new development has made the 
point-by-point method of calculation necessary, and the determination 
of illumination at a given point has regained some of its previous 
prominence. 

Figure 10-2 shows the construction for the calculation of the hori- 
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Fig. 10~2. lUumination on the horizontal and vertical plane from a light source. 


zontal and vertical illumination on a surface. In this figure, the dis- 
tance U is the mounting height of the source, either above or below 
the point to be considered, J) is the distance from the axis of the source 
to a plane parallel to the axis and through the point, and L is the off- 
set distance from D to the point P, By trigonometric calculations, 
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These may be reduced to simple trigonometric forms and may be ex- 


as 


EPn 


Eph 

Ep, 


le cos* 6 

FP 

Ig cos* 6 

m 

Ig cos* 6 D 

IP ^ir 


The tables in the Appendix may be used for obtaining the values of the 
powers of the trigonometric functions. 

Example e. Determine the (1) normal, (2) horizontal, (3) vertical illumi- 
nation at a point on a surface 8 h. below the source, if the point lies 8 ft. to 
the left and 6 ft. in front of the source, which iias an intensity of 400 c-p. 
in the direction of the point. (Fig. 10-2.) 

Distance source to point: 

OP « V8*T6* * 10 ft. 

SP - V8* 4- 10* *« 12.8 ft. 

sin ^-0.782 

O 

cos 0 - » 0.623 

liS.o 

“ (S* “ 

= 2.5 X ^ == 

Ef, = 2.5 X 0.623 = 1.56 ft-c. 


MEASUKEMENTS IN THE ART OP ILLUMINATION 


As Chapter 3 will show, there are many factors entering 
into the design of proper and adequate illumination that cannot be 
measured in specific units and for which measuring instruments are 
not available, but there are three factors for which we have satis- 
factory portable measuring equipment. Though the measurements 
of these factors afe not conclusive, the information obtained is essen- 
tial in making reasonable judgments and specifying illumination that 
will prove satisfactory. 

10, Measuring lUumination. The foot-candle meter for measuring 
illumination was discovered early in the development of the art, and 
until very recently it was the only satisfactory instrument with which 
the layman could gage and compare lighting installations. 

The foot-candle meter is to illumination what the thermometer is 
to the measurement of heat. Neither of these instruments indicates 
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the comfort that may be derived from the installation. Each instru- 
ment, in its field, was early taken as the index of the working of the 
installation and is even now thought of by most individuals as the 
means for measuring the results. Comparing these two in parallel, it 
is found that comfort depends upon: 


Heating Comfort 

1. Temperature 

2. Humidity 

3. Air motion 

4. Radiation surfaces 


Illumination Comfort 

1. Foot-candles 

2. Brightness 

3. Uniformity (contrast) 

4. Glare 



Fig. 11-2A. Weston illumination meter. 


In each instance, the normal measuring instrument measures only a 
small part of the requirements that must be met if the individual is to 
be comfortable and the installation is to give minimum irritation to the 
nervous system. 

Measurements with early foot-candle meters depended upon match- 
ing lighted surfaces. Since the eyes of the individuals using the meters 
varied, there was seldom close agreement in measurements among 
them, and training was necessaxy before a person could measure the 
illumination with any degree of agreement with previous readings. 
Hus type of foot-candle meter has passed with the advent of the 
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barner-Iayer cell in which the photoelectric effect is used to show an 
indication on a meter. It is possible with this type of equipment to 


duplicate measurements and for 
each individual to obtain results 
that will agree with results ob- 
tained by others. 

The positiveness of these 
physical photometers gives a 
false security, for there are still 
many unreliable factors present. 
There are many improper uses 
of the equipment which lead to 
serious errors which are ignored, 
because of the positive indica- 
tion of the meter. Figure 11-2 
shows two types of these instru- 
ments. As will be shown later, 



a foot-candle meter in which the ii-2B General Electric light meter, 

cell may be used in any posi- 


tion with the indicating meter available for Heading Ls the best type 


because it has the greatest adaptability. 
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Belenivm cells. Figure 12-2 shows the response curves of the two types 
of cells and the standard visibility curve. It is possible to use a filter 
with the selenium cell so that it also approaches the standard visibility 
curve. The use of these filters means that the cell sensitivity is sacri- 
ficed, and the instrument is not useful for low illumination readings. 
The importance of this type of meter was recognized by the Illuminat- 
ing Engineering Society, and a committee was appointed to study it.® 

TABLE I-2**^*«» 

Calculated Multiplying Factors for Representative Barrier-Layer Cells 
Caubrated at 2700® K 


Color 

Temperature • 

Factors by which Readings Are 
Multiplied for True Illumination 

Copper Oxide 

Selenium 

2000® K 

1 101 

0.874 

2400® K 

1 046 

0.965 

2670® K 50-w. incandescent lamp 

2700® K 

1 000 

1.000 

2705® K 75-w. incandescent lamp 

2740® K 100-w. 

2810® K 20a-w. 

2848® K 

0 986 

1 on 

2990® K lOOU-w. incandescent lamp 

3000® K 

0 973 

1 019 

4000® K 

0.910 

1.011 

Equal energy spectrum 

0 883 

0.888 

Mercury (L.P.) 

0 883 

1.123 

Mercury (H.P.) 

0 851 

I 1.191 

Sodium 

1.044 

1.450 

Mercury, yellow line 

0 889 

1.69 

Mercury, green line 

0.833 

1.99 

Mercury, blue line 

0 438 

0.061 

Mercury, violet line 

0 198 

0.003 


* Degrees Kelvin. 


The committee found that for continuous spectra, which include 
most of our electric illuminants and daylight, smaller errors were made 
with selenium cells than with the copper-oxide cell, though the latter 
does more nearly approach the standard visiMlity curve in its responses. 

All manufacturers do not calibrate their cells at the same color 
temperature (color temperatures are measured from absolute zero, 
-273° C, the usual calibrating region used is that ranging from 2700*’ K 
to 3000* K) ; therefore, it is necessary to follow the practice of the 
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manufacturer when the cells are to be checked. It is also paaontinl 
that correction factors be used if lights from other than continuous 
spectra sources are being examined. Table- 1-2* contains calculated 
multiplying factors for representative barrier-layer cells calibrated 
with a source of 2700“ K and Table II-2 is a table suggesting correc- 
tions to be used with the meters shown in Fig. 11-2. Individual cells 
will vary considerably and this is particularly true with monochro- 
matic light. For this reason, it is necessary for more accurate results 
to obtain factors for the specific instrument that is being used. With 

TABLE 11-2* 


Mbasubbd Multipltino Factom pob 
Barribh-Latxb Cm,i.s. Cbub withoitt Filtbm. 


Color Temperature 

Westinghouse 

Photox 

Weston 
Photronic 
(Fig. ll-2fl) 

General 
Electric 
(Fig. 11-26) 

2400“ K 

1.020 



2700® K 


1.000 

1.000 

2848° K 



0.99 

2870° K 

1.016 



3000° K 

1.000 


0.96 

3400® K 

0.890 



Direct sunlight 


1.000 

0.81 

Overcast sky 



0.67 

Mercury (L.P.) 


0.920 


Mercury (H.P.) 

0.810 

1.400 

1.06 

Sodium 

1.220 

1.350 

1.37 

Neon 


0.940 


Carbon arc (white 




flame) 


0.920 



the advent of fluorescent light, it may become necessary to determine 
the illumination of systems of various colors. 

The committee suggested that the error of the cell should not ex- 
ceed ±10 per cent when it is used for measurements involving the 
incandescent lamp, a figure which should be kept in mind in discussion 
of average illumination or point illumination measured with this type 
of instrument. These meters may not keep their calibration and 
should be checked frequently if in constant and, if used inter- 
mittently, just before making measurements. Neglecting this precau- 
tion has often caused embarrassing situations, as in the case of an 
installation which was measured first by a sales representative and 
Igter by mi engineer, each using instruments which were not stmid- 
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ardized. Their results were so far from agreement that the purchaser 
doubted the veracity of the manufacturer's representative. 

There are other sources of error besides those of color temperature 
of the source and spectra distribution. The cell consists of a steel 
plate with a coating of copper oxide or selenium which must make 
positive and unvarying contact with the external conductor to the 
microammeter. Each manufacturer uses a different method to ac- 
complish this result and each makes claims as to the expediency of his 
method. The cell proper is covered, for protection, by a glass window. 
This glass and the holding edge, under adverse measuring conditions, 
may be a source of error. 

12. Error because of the Angle of Incidence.® The angle of inci- 
dence at which the light strikes the cell will sometimes cause con- 
siderable error. In large rooms, with direct, lighting, where the walls 
and ceiling are of minor consideration, the readings are approximately 
correct, but in rooms using a semi-direct enclosing glassware, the illumi- 
nation may be 5 to 10 per cent higher than the meter reading, and in 
rooms using an indirect system or semi-indirect system the reading 
should be 10 to 15 per cent higher. In making daylight readings with 
windows on one side of the room, the reading may be as much as 25 
per cent more than that read from the scale. 

If this causes a feeling of uneasiness in the use of the foot-candle 
meter, the readings may be checked by determining the reflection 
factor of a diffusing standard. The reflection factor of a piece of white 
blotting paper is the easiest to obtain. It is first necessary to deter- 
mine the reflection factor for the paper (the method is described in 
Art. 13). Place a piece of blotting paper about 12 in. square in the 
plane to be considered for illumination measurements and, with the 
cell facing the blotter, move the meter away from it until the reading 
remains constant with movement (about 2 to 4 in.). To determine the 
illumination, 

^ ^ reading x 1.25 
reflection factor 

The empirical constant 1.25 is necessary in the above equation because 
of the diffusing of the light, which is incident on the cell almost equally 
from all angles. 

The committee mentioned before reported that to keep the error 
below 10 per cent the angle between the source (if a point source) and 
a normal to the cell should not exceed 34®. If a large source is used, 
the limit is 48® and, for an infinite source (as out of doors), the error 
will be 27 per cent. A large room with indirect lighting will approach 
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this last condition. The reading of the foot-candle meter in each in- 
stance should be corrected for the conditions under consideration. 

Temperature effect at normal range is small and may be neglected 
for, from 0* F to 100° F, the error is only ±4 per cent, which is well 
within the probable accuracy of the instrument. 

The cell does have a fatigue characteristic; that is, if exposed to a 
high degree of illumination, a slight change of current will occur, the 
greater part of which takes place during the first 15 min. The error 

Trarns/ucenf 



Fig. 13-2.^ (a) The use of the barrier-layer cell for determination of reflection 
factor, (h) determination of transmission factor, (c) measurement of brightness. 

causes a decrease in current, resulting in a lower reading which 
amounts to about 5 per cent. This does not cause a permanent in- 
jury to the meter. 

13, Other Uses for the Foot-Candle Meter.’ As mentioned in 
Art. 10, it is desirable to have a meter which may be used with the 
cell and microammeter scale at right angles. This permits the taking 
of readings on the meter while the cell is pointed toward a surface. 
The use of multipliers allows for measurement over a wide range of 
illumination. The response characteristic of the cell is not seriously 
affected by using a mask over a portion of the sensitive surface, be- 
cause the response is proportional to the surface exposed. 

Figure 13'-2a shows the use of the meter in determining the reflec- 
tion factor of a surface. In the second position, the meter measures 
the illumination incident upon the surface. Here, care must be taken 
that errors mentioned before are not introduced in the reading. In the 
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first position, the foot-candle meter is used to measure the reflected 
light. In making the first measurement, the meter is placed against 
the surface and withdrawn until the reading remains constant (2 to 4 
in.). The ratio of the readings: 

reading for reflected light (first position) 
reading for incident light (second position) 

gives an approximate reflection factor. To obtain results which are 
more nearly accurate, a calibration standard may be used. In the first 
position shown in Fig. 13~2a, a standard surface is measured and then 
the unknown is measured. The ratio: 

reading for unknown « , 

i X reflection factor of known 

reading for known 

gives the reflection factor for the unknown. The surfaces whose re- 
flection factors are to be determined should measure at least 12 in. 
square for reasonable results. 

The measurement of the transmission factor (Fig. 13-26) is very 
simple. The illumination of incident light is measured; then the ma- 
terial is placed over the cell, the resultant ratio: 

reading through material 
reading from source 

gives the transmission factor. 

These measurements are not of the precise nature needed in re- 
search work, but the results are applicable to any of the problems 
encountered in the applied field and may be used where information 
of this type is necessary. The barrier-layer cell foot-candle meter 
should be used in all these measurements as well as in determining the 
illxunination, thereby giving additional information upon which to base 
judgments in determining the proper lighting installation to specify. 

14. Measuring Brig^tness.^* ^ As will be seen in Chapter 3, 
brightness is one of the subjective characteristics which must be con- 
sidered in specifying lighting. Only recently has convenient equip- 
ment for making this important measurement been available. 

The foot-candle meter mentioned in the preceding article may be 
used for making brightness measurements, with a degree of accuracy 
usable under ordinary conditions. Figure 13-2c shows the cell being 
held close to a piece of translucent glassware. In this position, the 
meter reading multiplied by 1.25 indicates the brightness iji foot- 
Lamberts. If the brightness is very high and it is desired to obtain 
the brightness in candles per square inch, a plate with two number 29 
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holes in it placed over the cell will cause the meter reading divided by 
10 to give these units. The plate may be held in place by using the 
multiplier clip. The other types of foot-candle meters may be cali- 
brated in the same manner. 

16. Brightness Meters.® In the foregoing article, the use of the 
foot-candle meter for making reasonably accurate brightness measure- 
ments was discussed. Figure 14-2 shows two forms of simple and 
easily operated brightness meters. Figure 14-2A shows an instrument 
with a range of 0.025 to 50,000 ft-L., and Fig. 14-2B shows a less ex- 
pensive type which has a range from 0.01 to 75,000 ft-L. The instru- 
ment shown in Fig. 14-2B uses the General Electric Light Meter as a 
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Fig. 14-2A. Luckiesh-Taylor brightness meter. 

measuring device. This same foot-candle meter may be used for meas- 
uring brightness as discussed in the previous article, but its range is 
limited from 1 to 94 ft-L. and from 0.1 to 7.5 c. per sq. in. 

In both types of instruments, the photometric balance is obtained 
by turning a knob and balancing the surface viewed in the finder 
against a diffusing surface. This surface is illuminated by means of a 
miniature lamp (operated from flashlight dry cells) the output of which 
is controlled by a film gradient. The film gradient guards against 
modification of the color quality. When both the viewed and standard 
surfaces, by means of optical systems, are brought to the same plane 
and are balanced photometrically, the recording on the internal scale 
of the larger instrument, or the foot-candle meter readings in the 
smaller instrument, are a measure of the brightness of the surface, 
llie large range is obtained by inserting ratio filters in either or both 
the viewing and standard photometric fields. 
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The large meter has an optical system so arranged that the surface 
covered is 1 ft. wide at approximately 500 ft. This last feature pro- 
vides for measuring the brightness in a restricted area and for this 
reason the maximum and minimum values of brightness for surfaces of 
any size for lighting equipment may be readily determined. 

16. Visibility Meter, ^ Figure 15-2 shows a visibility meter of 
domestic make, the simplest of these measuring devices. It consists 

of two photographic filters (circular 
in shape) using gradients of a den- 
sity specified by those developing 
the equipment. It is the grading 
of these filters which classifies the 
instrument as one of subjective 
rather than objective measurement. 
To the filters is attached a scale of 
relative visibility (this is not the 
quantity defined in Art. 1), log- 
arithmic in nature and approximat- 
ing the law of Weber and Fechner. 
The expression for the scale is: 

S = CIogr 

io 

where S is the sensation; /, the in- 
tensity of the light stimulus; /o, the 
least perceptible value of intensity, 
and C, a constant. The intensity 
of the source is a physical quantity, 
but the stimulation of the nerve 
endings on the retina produces a 
sensation which is mental and purely 
subjective. 

Since the filters approximate the above conditions, the scale could 
be absolute if desired, but only in so far as any material based upon 
experimental psychology can be absolute. Those not agreeing with 
the calibration of the above instrument can easily plot a curve which 
fits their conception of actual conditions. 

The value of the instrument depends upon the recognition of two 
important factors: brightness and contrast. It removes from the in- 
dividual the necessity of comparing tasks and depending upon judg- 
ment alone for a determination of the probable requirements upon the 
nervous system of the individual performing the task. A modification 



Fig. 14~2B. Luckiesh-Holladay bright- 
ness meter. 
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of the calibration of the scale and the recommended foot-candles on an 
auxiliary scale should not be attempted unless it is based upon exten- 
sive research. In illumination, there is too much prejudiced opinion 
and opinionated prejudice to depend upon the results obtained by any 
group of individuals. It is well to follow the findings of organized com- 
mittees of scientific societies which represent all phases of thought. 

17. Lighting Survey. To eliminate opinion and to obtain actual 
facts, it is necessary to make a survey of lighting in terms which may 
be considered objective. This is accomplished by using the foot- 
candle meter and determining the actual amount of light at salient 
points. No hard-and-fast method can be prescribed, for the judgment 
of the surveyor must be used in each case. Concise and all-inclusive 



Fig. 15-2. Luckiesh-Moss visibility meter. 


notes and comments should be incorporated in the report since foot- 
candles alone do not give a fair picture of the lighting from a system. 
At work positions, brightness and visibility measurements should be 
taken. 

Some precautions should be taken into account: 

а. All probable errors discussed in the first part of this chapter. 

б. Watch shadow and reflections. Do not stand in the way of an 
important lighting source. Watch reflections from specular surfaces. 

c. Place meter as closely as possible to the point where the illumi- 
nation is to be measured. The square-law error may become appre- 
ciable. 

d. Record data on standard forms — not on material likely to create 

confusion. ^ 

6. Be sure that readings are taken at a sufficient number of points. 
Specific tools, work positions, and machines should be sketched to 
show the positions where readings are taken. 

The above precautions refer to readings in general and to the data 
to be taken for task positions in a plant, store, or public building. 
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In addition to the specific work-position survey, a survey of the 
general lighting should be made. Conditions should be normal if the 
resultant recommendations are to be checked. No special cleaning or 
maintenance should be effected before the survey if a check of the im- 
provement is to be made later. A survey between 10 a.m. and 2 p.m. 
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Fio. 16-2. Illumination survey, (a) Special measurements at working points. 
(6) Measurements in large, symmetnoal rooms, (e) Measurements m rooms where 
the light IS unsymmetneai. Machines may need special analysis. 

is representative for day%ht surveys, and the night survey can be 
made at any time after dark. A clear day with only such lii^ts burn- 
ing as would be used normally is the correct condition for a daylif^t 
survey. In each survey, the same stations should be taken in each 
room. Some investigators make an additional survey, on a cl^r day. 
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at from 4:00 to 4:30 p,m. to simulate conditions usually found on cloudy 
days. 

There is always a question as to how many readings should be used 
in a lighting survey and how the positions should be located. Enough 
readings should be taken so that additional readings in similar loca- 
tions will not change the average reading. It is well to take readings 
in a pattern representative of the lighting system. Figure 16-2 shows 
some suggested schemes for doing this. In small rooms it may be 
necessary to survey the whole room, whereas in large rooms only 
representative sections are needed. One must be sure, in choosing the 
representative sections, that those influenced by daylight alone, arti- 
ficial light alone, and combinations of artificial light and daylight are 
selected. 

When daylight enters into the problem, it will be found that there 
will be considerable difference in readings from one observation to an- 
other, for many factors enter into the variation of daylight lighting. 

PROBLEMS 

Note: Assume point source of light in all problems. 

1. A 50Q~w. lamp is rated at 10,000 1. Determine the mean spherical candle- 
power of the lamp. 

8. If a light source has a uniform distribution of 300 c-p. in all directions, 
what is its rating in lumens? 

8. A surface 4 ft. by 4 ft. receives half the lumens from the 500-w. lamp in 
problem 1. (a) What is the apparent illumination? (h) What is the apparent 
brightness if the reflection factor is 65 per cent? 

4 . If the surface in problem 3 makes an angle of 30° with the normal to the 
light source, what will be the surface illumination? 

fl. A light has an intensity of 400 c-p. in the direction of a point in a hori- 
zontal plane 6 ft. below the source. The point is located in the plane 12 ft. from 
the center line of the source. What is the apparent illumination (a) at the point 
normal to the source, (h) in the horizontal plane, (c) on a vertical plane? 

0. A surface brightness obeys a cosine law, that is, the brightness with the 
viewing angle is 1$ - Im cos d. What is the apparent normal illumination 20 ft. 
below and 30 ft. to the right of the surface if Im - 3000 c-p.? 

7. In problem 6 what would be the apparent illumination on (o) a horizontal 
plane, (6) a vertical plane at the point? 

8. Plot a curve of desired candlepower at all angles if a source is to illuminate 

a table 8 ft. below it to 20 ft-c. The table is 20 ft. long and the lamp is mounted 
at the center. ^ 

9. Repeat problem 8 with the source mounted over one end of the table. 

10. Measurements of the illumination at a point are: En - 5.0 ft-c., E» - 3.9 
ft-c., Eh « 3.12 ftrc. If the lamp is mounted 10 ft. above the surface in which point 
is located, what is the intensity in the direction of the point? 
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CHAPTER 3 

SUBJECTIVE SPECIFICATION OF ILLUMINATION 


PHYSIOLOGY AND PSYCHOLOGY 

In this chapter the field which, though the most important to be 
considered in the illumination specification, is the least understood and 
the most controversial, will be examined. The subjective elements in 
illumination depend upon physiological and psychological reactions of 
the human being. These are not directly measurable nor subject to 
non-var 3 dng specifications. It is possible to determine the normal 
response but this statistical material, even when carefully collected and 
representative of the wholes cannot be applied to any one individual 
under observation without regard to his or her specific reaction. 

The study of these human reactions falls into the fields of experi- 
mental psychology and physiology, and requires the meticulous pa- 
tience of those experienced in research who are motivated only by the 
search for the truth. A mass of data without proper diversity of such 
data cannot be applied to other than the group investigated, and at 
best such information is only indicative, not absolute. Most of the 
information obtained to date is highly instructive, and it points toward 
problems that must be answered. It is, however, of questionable 
scientific worth in direct application, for the information does not 
answer specific questions, but shows only the responses of experimental 
subjects (under controlled conditions) to established criteria. When, as 
in medical science, large sample groups are divided into two balanced 
halves, one subjected to what is considered optimum seeing conditions, 
the other to usual conditions, then it may be possible to obtain results 
that are unquestionably of real value in answering the difficult problem 
of what kind and how much of both light and control are necessary in 
a lighting system to give an illumination which does the least injury to 
the physiological structure of the body and to the nervous system. 

Leonard T. lYoland ® compiled a bibliography in 1931 in which will 
be found material which could form the basis of Imiitless research into 
the subjective side of lighting specified for best vision. The material 
is so extensive in the fields of psychology and physiology and so many 
problems are raised that individuals interested in and qualified for 
conducting research on existing problems are much needed present. 

41 
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In recent years Dr. M. Luckiesh and Dr. F. M. Moss of the Gen- 
eral Electric Lighting Research Laboratory have contributed greatly 
to the investigation of the complicated phenomena involved. They 
have popularized the use of the single word “ seeing to cover the 
interrelationship of light and vision in the performance of visual tasks. 
Their results are highly indicative of the reactions experienced by the 
human being under controlled methods normally used by the experi- 
mental psychologist. These investigations, however, are performed by 
two able physicists. No one interested in the advancement of the art 
of illumination can ignore the published results of the investigators 
and the evidence which has accumulated with the application of some 
of their fundamental recommendations. 

In this chapter the evaluation of even a small part of the material 
that is now available for study will not be attempted. Its purpose will 
be to indicate those factors that are applicable to the improvement of 
lighting systems already installed or system arrangements that are 
being considered. 


1. Factors Influencing Seeing. Ability to see may be considered 
to depend upon four basic variables: size, contrast, brightness, and 
time of exposure. It is understood, in considering the factor of size, 
that either the distance is assumed to be fixed or the size is assumed 
to be adjusted if the distance is varied. It would be justifiable to in- 
clude distance as a factor, but it is less complicated to consider the 
foregoing relationship between distance and size. 

Size, for seeing measurements, depends upon the visual angle (nor- 
mal vision — 1 min.; best vision — 40 sec.), and visual acuity is 
measured by the minimum size seen. The absolute size cannot or- 
dinarily be altered, but the visual size may be altered by changing the 
distance. 

Contrast is a relative matter and may be best expressed in per cent 
by 


per cent contrast 


background brightness ~ object brightness 
background brightness 


Expressed in this way, the contrast of a perfectly non-reflecting body 
on a body reflecting all li^t will be 100 per cent. 

Brightness indicates the average brightness of the object. If the 
surface is mainly background, the brightness approaches the bright- 
ness of the background; but, if the surface is composed of a mixture 
of objects or bodies of various brightnesses, then brightness means the 
apparent brightness and it is measured by the methods discussed in 
Chapter 2. 
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Time of exposure is an important factor in production tasks and in 
automobile driving. The longer an object is exposed, the more clearly 
can its presence and its details be distinguished. 

The influence of these factors upon the ability either to see or 
recognize an object is self-evident. The lack of any one item must be 
compensated for by the others if the same ease of seeing is to be main- 
tained. By the adjustment of the four factors, unless the object is 
microscopic, the object may be made visible to such a degree that the 
task may be performed upon it with the least effect upon the nervous 
system of the subject. In most instances all but the brightness is 
fixed; therefore, the importance of the problem of adequate and proper 
illumination is of prime consideration. 

2. The Probable Factors Influencing the Effectiveness of Lighting 
Systems. The development of systems for artificial lighting is con- 
tinually changing. The recommended amount of illumination, the 
methods of control, and the costs have necessarily changed together. 
Today electrical energy costs less, illuminants cost less, and the ef- 
ficiency of the illuminants is higher; therefore, it is possible to recom- 
mend higher levels of illumination in order to make the task easier, 
without increasing the cost. 

In summary, it may be said that those factors contributing to a 
successful lighting system are: 

а. Quantity of illumination for proper brightness. 

б. A good quality of illumination. 

(1) No direct glare from the source. 

(2) A minimum of reflected glare from the work or sur- 
roundings. 

(3) Uniform lighting on the work surface. 

(4) Illumination free from shadow. 

(5) Surroundings illuminated with the proper brightness con- 
trast. 

c. Comfort. 

(1) Elimination of opinions based on past experience. 

(2) Sufficient time to determine the reaction to the illumina- 
tion supplied. 

d. Work surface considered with relation to lighting. 

The developments in this chapter are intended to analyze the topics 
outlined above in conjunction with the information available for treat- 
ing them. 

8. The Lighting Specialist. Articles 1 and 2 established the reason 
why a person trained in lighting system design and installation is 
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needed. The eye, once crippled, cannot be cured but only aided by 
the oculist or the optometrist prescribing properly fitted eyeglasses. 
These glasses are of prime importance and should not be neglected, for 
even the best-designed and best-controlled lighting system cannot 
supply this necessity. 

A lighting system designed by a competent lighting specialist will 
have the essential requirements for correct light control and will be 
adequate for the task which is to be performed. The system will be 
designed in accordance with the most modem knowledge and within 
the limits imposed by good economic practice. The design should not 
end the responsibility of the specialist; this responsibility should con- 
tinue to the supervision of the installation and recommendations for 
the proper maintenance and operation of the system. 

The design must be correct in both quantity and quality of light 
for the task; direct glare must be eliminated and reflected glare re- 
duced to a minimum; the light itself should be diffused and properly 
distributed. There may be recommendations as to contrasting bright- 
nesses by controlling the color of the background and the speed at 
which the task is performed. 

The designer of any lighting system should understand thoroughly 
the nature of the task that must be performed and the aesthetic de- 
sires of the client. Too often the lighting specialist loses sight of the 
fact that the one desiring the light has specific requirements that must 
be met, and that when the system is installed it must be comfortable. 
A system of light designed for an organist may be perfect from the 
point of view of lighting service, but it may place the light in such a 
position that the organist cannot turn his music and it may be so un- 
sightly that his aesthetic sense is irritated. Such a system is inade- 
quate because it does not bring a sense of comfort. 

Until very recently, lighting system design was considered of minor 
importance and frequently the responsibility was shifted to someone 
whose prime interest was the installation of the wiring service and who 
was wholly uninformed of the requirements of good lighting systems. 
Even today it is not uncommon to find the air-conditioning specialist 
specifying the lighting system as a side line. Until the importance of 
light and lighting is considered seriously, just that long will the various 
tasks involved in work and pleasure be a source of nervous reactions 
which bring distress and unhappiness to the human race. 

4. The Quantity of Illumination. If the required optimum amount 
of illumination could be specified, the illumination system could with- 
out doubt be developed for producing the proper quality of light. 
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The eye, which acts as a camera does, has the same essential parts: 
a lens, a shutter, and a film, corresponding to the cornea, iris, and 
retina of the eye. Each part of the eye has a special function and 
muscles to control the adjustments. The lens is shaped by the ciliary 
muscles and focuses the image upon the retina; the iris is closed or 
opened to admit more or less light, and the muscles attached to the 
eyeball focus the two eyes upon the same object. These functions are 
classified as: 

а. Accommodation — the lens adjustment 

б, Adaptation — the iris adjustment 

c. Convergence — focusing both eyes upon one object. 

The retina is the light-receiving mechanism, and its nerve system 
in conjunction with the brain reproduces the visual image focused upon 
it. 

The eye has evolved from a rudimentary mechanism until it has a 
sensitivity far beyond that of any device man has ever created. On 
bright, summer days the illumination in the open may reach 10,000 
ft-c., which is, at best, not too comfortable, but 1000 ft-c. under the 
shade of a tree is not objectionable. At the other extreme, a bright, 
moonlight night has an illumination of approximately 0.04 ft-c., and 
some people make claims that they can read a newspaper with this 
amount of illumination. 

The eye has the ability to adjust itself to a wide range of illumina- 
tions, and this particular ability is the worst enemy of those wishing to 
correct faulty illumination, for it is a common belief that if it is possi- 
ble to see with any degree of comfort the illumination is satisfactory. 
The last hundred years have brought the worker from the outdoors 
into buildings and from tasks using distance vision to tasks most of 
which are performed about 14 in. from the eyes. All of these changes 
have been accompanied by a decrease of illumination — almost 99 per 
cent in most instances. 

It seems reasonable that eyes can tolerate and do need more light 
than they are given under our modern working conditions. Any 
physiology book lists the detrimental effects upon the whole system if 
the sight is defective. Table 1-3 lists the increase, with age, of one of 
the eye defects. This is probably traceable to our inadequate lighting 
systems — particularly those in* the schools where^ children, during the 
eye-developing period, are confined to poorly lighted rooms for study. 

Recommendations for the number of foot-candles which at present 
is considered an adequate and economical specification for specific 
tasks will be found in Art. 11. The Illuminating Engineering Society 
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has standing committees which are attempting to determine proper 
values for all tasks and keep these values revised as knowledge de- 
velops and higher specifications become economical. 

6. Effectiveness of niumination. Illumination has an effectiveness 
that is not directly proportional to increase of light but follows a 
geometric law. Figure 1-3 shows arbitrary units of effective seeing 
plotted against the amount of illumination. In Fig. l~3a these data 
are plotted in rectangular coordinates; in Fig. 1-36 they are plotted 
in semi-logarithmic coordinates. Since much illumination information 
is plotted to the latter scale, it is well to be familiar with the particular 
tendency of the semilogarithmic paper to give linear characteristics 
and thus a false impression of direct proportionality. This scheme of 


TABLE 1-3 
Eye Defects 


Class 

Per Cent 
Nearsightedness 

Age 

Per Cent 
Defective Eyes 

Infant 

3 

under 20 

23 

Preschool 

7 

30 

39 

Elementary school 

9 

40 

48 

High school 

24 

60 

71 

CoUege 

31 

60 

82 



over 60 

95 


plotting is frequently used for propaganda purposes. It is in the lower 
values of illumination where the most rapid gain is made and where 
benefits may be obtained at the lowest cost. One foot-candle has been 
taken as the basis for zero effectiveness for any type of applied work; 
this is arbitrary, but since effectiveness is only relative the choice of the 
starting point is not important. 

From the foregoing, it would seem desirable to double the foot- 
candles to obtain an equal benefit in improved seeing. This does not 
mean that small increases in illumination do not make for a better 
working condition but that adequate increase in seeing is only obtained 
by following a geometric law. To follow this law without regard to the 
other contributing factors may defeat its purpose, for a rapid increase 
in glare may offset all the benefits obtained from increased illumina- 
tion. Though the various subjective factors must be treated sepa- 
rately in textual material, all good and bad features of a lighting system 
are operative at the same time, imd only the sum total of all factors 
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produces the effect on the individual working under the resultant il- 
lumination. 

6. Brightness. When an object or surface emits or reflects light, 
it is said to be bright and because of its brightness it is visible. Visi- 
bility does not always mean comfortable seeing. In the early 1920^8, 
as much consideration was given to brightness as to illumination. 
But, with the necessity of shielding the source completely because of 
its brightness, this factor for a time disappeared from the literature, 
and not until recent years has it been seriously considered again. With 



Foot-candies Foot -candies 


Fig. 1-3.^ Effectiveness of seeing and illumination, (a) Plotted to regular co- 
ordinate scales. (6) Plotted to semilogarithmic scales. 

the continued increase of work-surface illumination, it was necessary 
to increase the brightness of the equipment in direct lighting and the 
brightness of the ceiling in indirect lighting. 

It has been assumed that with indirect light there would be no 
necessity to study the ceiling brightness, because the surface was large 
enough to preclude the possibility of excessive brightness. When the 
usual installation of indirect lighting exceeded an illumination of 30 
ft-c., particularly in a long, low room, there was as much objection to 
it as to direct lighting units. The ceiling was covered with numerous 
bright spots causing excessive brightness contrast, and the whole 
brightly lighted surface was in the range of vision. 





48 


SUBJECTIVE SPECIFICATION OF ILLUMINATION 


Since illumination produces brightness upon a work surface, it is 
interesting to investigate the probable limit of illumination governed 
by permissible brightness. A value of 75 ft-L. has been set as the per- 
missible brightness of lighted panels constantly in view. Assuming 
that this is correct, white paper with writing and a reflection factor of 
80 per cent would require an illumination of approximately 95 ft-c.; 
sewing with black thread on dark cloth with a reflection factor of 4 per 
cent would require approximately 1850 ft-c. for the same brightness. 
The task is a factor in determining the illumination, for with vastly 



Fig. 2-3.“ The relationship between brightness of light source and brightness of 

surroundings. 

dijfferent amounts of illumination the two objects mentioned will be 
of equal brightness to the eye (neglecting the psychological eflFects of 
the different colors). 

Brightness ratio is the ratio of the brightness of any two surfaces, 
and when these surfaces are adjacent the brightness ratio is commonly 
called the ** brightness contrast.^' The desirable value of this ratio is 
variously stated as 10 to 1 and 20 to 1. The Medical Societies recom- 
mend a surrounding illumination of 20 per cent of the work-surface 
illumination. Figure 2-3 shows brightness of surroundings and the 
corresponding permissible brightness of the source which may be used. 
These sources cannot be classified as point sources in direct glare ef- 
fect. An increase of the surrounding brightness from 1 to 10 will not 
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allow a corresponding increase in source brightness because double 
source brightness can only be tolerated. 

Another factor, the mounting height, enters into the problem of 
equipment brightness. To double the height of the equipment above 
the eye level will make it appear to be only half the diameter in size. 
At a fixed illumination a globe of double diameter (2D) may be only 
as bright as a globe of unit diameter (D) mounted at half the height. 
Ward Harrison summarizes these effects as follows: 

1. When the light output of a source is increased ten times, its 
brightness should be decreased to not more than one-half, or per- 
haps even to one-fifth, of its former value; in other words, the 
light output of a source cannot be increased as fast as its area, but 
it is safe to increase the output as fast as the diameter. 

2. Increasing the general level of lighting in a room ten times 
permits only doubling the brightness of the light source. 

3. Doubling the mounting height of a unit permits increasing 
approximately three times the lumen output of the lamp which 
may be used in the unit. 

These are not recommended as precise, but are suggestive of the cor- 
rect order of magnitude, and the experiments of P. G. Nutting verify 
these statements accurately enough for practical application. 

From the foregoing, it can be deduced that in an average room 
enclosing globes would limit the general illumination to 10 or 15 ft-c. 
of direct light, and that indirect lighting would reach a maximum of 
from 35 to 45 ft-c. before the ceiling would become prohibitively bright. 
High values of illumination may be obtained, but in each case it must 
be through the study of the specific problem rather than by the speci- 
fication of standard catalog equipment. Table II~3 gives some com- 
parative data for size of enclosing glassware for lamps of different 
sizes. 

7. Glare. When brightness becomes an annoyance, it is called 
glare. It is any brightness within the field of vision causing discom- 
fort, interference with vision, or eye fatigue. It is a sensation governed 
by the surroundings and is variable with the individual; therefore it is 
subjective. Much research has been directed toward a study of the 
effect of glare, but it is very difficult to measure. Glare may be caused 
by: 

а. High brightness of the source 

б. High contrast between source and background 

c. Location of source in field of view 

d. Total volume of light entering the eye 

€. Time of exposure to the source. 
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Correction may be made by removing the offending source from 
the line of vision. The angle above the line of vision at which the 
source should be mounted is approximately from 14 to 18 degrees. As 
stated before, the visual size of the source is proportional to the dis- 
tance from the observer. 

Glare may be classified as direct and reflected. Usually the annoy- 
ance from the first is so marked that immediate steps are taken to 
correct the cause; the reflected glare, however, is much more subtle 
and may do its damage without the victim^s being aware of its pres- 
ence until the physiological effects become acute. Reflected glare is 
sometimes called glints and this property is used to recognize small 


TABLE II-3 

Brightness of Enclosing Unii’s 


Lamp 

Size 

(Watts) 

(1938) 

Lumen 

Output 

RLM* 

Size 

(1938) 

ASA** 

School 

Lighting 

(1937) 

U. of I.f 
Bui. 29 

Calculated tt 
(Art. 6) 

100 

1,580 

10' 


14' 

12' 

150 

2,610 

12' 

14' 

16' 

20' 

200 

3,640 

14' 

16' 

18' 

28' 

300 

5,910 

16' 

18' 

20' 

45' 

500 

10,050 

18' 




750 

14,550 

20' 





* Reflector and Lamp Manufacturers Association. 

** American Standards Association. 

t University of lliinois. 

ft Assuming bnghtness of 12 * glassware for 100 w. correct. 

objects or to inspect material; in this case the specular reflection of 
the light is utilized. 

To avoid the annoyance from direct glare, it has been recommended 
that brightness in the central portion of the visual field should not 
exceed 2 to 3 c. per sq. in. (500 to 1300 ft-L.) of apparent area for 
casual observation and J^c. per sq. in. (225 ft-L.) of apparent area 
when viewed continuously. These limits are for smaller areas with 
correct contrasts. Compare this with the recommendations of 75 ft-L. 
where the field of vision includes nothing but the luminous element. 
These candlepower-per-square-inch quantities are not from recent 
studies but from early studies. They were neglected for a long time, 
but had to be recognized in the end as distressing effects developed 
from newer recommendations of foot-candles and new designs of equip- 
ment. It may be said that there was available information for spec- 
ifying safe and adequate lighting systems long before either the 
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development of the source or the economical factors made possible hi^ 
foot-candle installations. 

Reflected glare should be reduced to a brightness which approxi- 
mates that specified in Art. 7. The reflected glare cannot be brighter 
than the source, because it depends upon the intrinsic brilliancy of the 
source and it is reduced in proportion to the reflection factor of the 
surface viewed. It may be corrected by remodeling the lighting sys- 
tem, or, if caused by a study lamp, by repositioning the lamp on the 
work surface. It is possible with the I. E. S. specified study lamp to have 
an objectionable glare because the limit of bowl brightness is set at 3 
c. per sq. in. which produces a reflected brightness of 2,4 c. per sq. in. 
from white paper of 80 per cent reflection factor. This is approxi- 
mately 1100 ft-L., much more than the limits of either 75or226ft-L. 


/ / / 1 1 \\ 

/tP Foot Canct/os 
Genera/ 
/J/uminatfon 


Supplementary 

Bare L amp^ L tght 

\ Wasted 
^ by G/are: 



L/ne of \f/s/on' Object 
Fig. 3-3.^ Effect of glare on seeing. 


discussed in the preceding paragraph. This is why the study surface 
should be large enough to permit the location of the lamp so that only 
the reflected light from a low source brightness is returned to the eye. If 
the surface is too small for a desk lamp, a floor lamp should be used and 
so located with respect to the table that it will produce the desired effect. 

In researches conducted on glare it has been discovered that glare 
affects the factor of discomfort in a different manner than it affects 
visibility. The latter is less likely to be influenced by subjective fac- 
tors and is, therefore, more precise; the first, however, gives a more 
sensitive appraisal. Figure 3"-3 shows, in pictorial form (with relative 
evaluation of effects), the influence upon seeing when a glare source is 
placed in the line of vision with the general illumination remaining the 
same. 
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8. Unifonn Lighting and Shadows, Uniform lighting eliminates 
shadows and the act of seeing can be performed without shadow; 
however, shadows are quite necessary where recognition of the object 
is of importance. For decoration and restfulness, shadow is important, 
but for a drafting table it can be very annoying and may be the source 
of considerable fatigue. The quality of the lighting in a room may be 
judged by means of the shadow thrown by a pencil placed in a vertical 
position on any white surface in the plane being investigated. 

Where close work is being done, a soft shadow is allowable if com- 
plete absence of shadow is impossible. Harsh (sharp and black) 
shadows may be the cause of accidents, particularly where there are 
moving machine parts; dark shadows often cause a marked brightness 
contrast, which has been pointed out as very undesirable. The more 
diffused the light, the less shadow there will be. For this reason, the 
indirect system is free from objectionable shadow, whereas a direct 
system of lighting causes shadows which are very pronounced. The 
lack of shadow in an indirect lighting system is the reason the light 
seems to have low illuminating properties and produces a cold, un- 
pleasant feeling. The use of a semi-indirect lighting system helps to 
obtain effects between these two extremes. 

For uniform lighting within limits acceptable in practice, a general 
rule is that the lighting sources, whether from the unit or ceiling, be 
spaced not in excess of one and one-half times the height of the sources 
above the work surface. This rule holds for the illumination of any 
surface, even for the transmitting surface of a luminous element, in 
which the light sources behind the luminous surface must be spaced 
at not more than one and one-half times the distance from the lamp to 
the surface. The spacing of the luminous elements in the room must, 
in turn, follow the same rule. 

9. Physiological and Psychological Effects in Illumination. It is 

difficult to differentiate between the results from physiological and 
psychological effects, because they are very closely related in the 
emotional reactions influencing the physical well-being of an individual. 
Studies concerning these types of reactions must be made on a large 
number of subjects and over long periods of time in order to eliminate 
secondary influences from other than the particular criterion being 
studied. 

The range of studies in experimental psychology is extensive in that 
all subjects of conriderable controversy and all phases of human re- 
action have been given attention at some time. It can be said, as a 
general statement, that no one could originate a totally new problem 
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for investigation; in contrast, it may be stated in the same general 
way that probably not even one phase has been thoroughly investi- 
gated. 

Though there had been some investigation before 1920 upon the 
following subjects: 

a. Visual acuity 

b. Convergence reserve of the ocular muscles 

c. Contrast sensitivity 

d. Nervous muscular tension 

e. Heart action 

/. Frequency of blinking 

only since that year has experimental psychology been applied to il- 
luminating engineering. Most of the early experimental work was 
centered upon the illuminant and its use without regard to the human 
elements in the use of the light. Possibly 1928 marked the beginning 
of a new era, in which a study of the reaction of the human being was 
recognized as probably the most important factor in the lighting in- 
stallation. To Dr. M. Luckiesh and Dr. F. K. Moss must be ac- 
credited the application of a series of objective research studies that 
have done most to direct the attention of the medical, psychological, 
and ophthalmological professions (and even the commercial and pub- 
licity departments of the lighting industry) to the welfare of the in- 
dividual using the light. 

The results, when confined to the scientific field, are more indica- 
tive than conclusive and, when examined as used by advertising and 
publicity agents, are frequently found to be nothing but sales propa- 
ganda. For those who wish to understand thoroughly the problem of 
adequate and comfortable lighting, it is necessary to become familiar 
with the worth-while information that has been published (scientific 
papers) and to analyze the data as given, at the same time viewing 
with suspicion those writings that proclaim unusual advancement in 
the art, especially if they further the interests of some commercial group. 

a. Visual acuity is probably the first criterion to be studied, and 
data were published concerning this one reaction before it was seri- 
ously considered with light. The ability to see as related to size of 
letter and amount of light is so self-evident that it is axiomatic. Upon 
investigation under controlled laboratory conditions, Jt was found that: 

Illumination 1 ft-c. 10 ft-c. 100 ft-c. 

Visual acuity 100% 130% 170% 

represented the benefits that the individual gained with an increase in 
illumination. 
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h. Convergence reserve is measured by the ability of the eye to focus 
upon an object and to produce one image. By means of a prism, the 
eyes may be subjected to an action such that two images will be seen, 
one with each eye. By measuring the amount of the prism needed for 
producing this phenomenon, it is possible to determine the muscular 
resistance exerted to produce normal vision. The subjects were re- 
quired to read for an hour; then measurements were taken to deter- 
mine how^ much resistance the eye muscles would exert to the forming 
of two independent images. The results were: 

Illumination 1 ft-c. 10 ft-c. 100 ft-c. 

Convergence reserve decrease 20% 7% 

In addition to this ability to withstand the effort to force the eyes to 
produce two images, the reader was able to read 10 per cent faster 
under 100 ft-c. than under 1 ft-c.; this is another indication that the 
human effort expended under high illumination was probably less than 
that under low illumination. 

c. Contrast sensitivity^ or the ability of the visual sense to dis- 
tinguish brightness differences, is an important factor in the recogni- 
tion of subjects. Research results show that; 

Illumination 1 ft-c. 10 ft-c. 100 ft-c. 

Contrast sensitivity 100% 280% 450% 

This is one of the most decisive results recorded. If the illumination is 
low, the eye encounters difficulty in distinguishing the operations or 
details of the task, with the result that the visual mechanism must 
work harder. 

d. Nervous muscular tension is the result of either nervous tension 
or fatigue or both, and the tightening of the muscles may be measured 
by mechanical or electrical means. The ‘‘ lie detector ” may be classed 
as one type of this kind of equipment. Though the operation of the 

detector ” is said to be caused by a change in glandular secretion, it 
is likely also to be caused by a tightening of the muscles in an in- 
voluntary act of resistance. The effects of illumination on muscular 
tension can be illustrated by the different results obtained from driving 
an automobile in the daytime and at night. If a man drives the same 
road in daytime and at night, he will experience much more fatigue in 
driving it at night, because his muscular tension will be greater then — 
he will grip the steering wheel more tightly and strain to see into the 
darkness ahead. Measurements of the effect of light on muscular 
tension in reading have been taken by means of mechanical instru- 
ments. By measuring the amount of tension at the end of an hour's 
reading under different levels of illumination, it was found that: 
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Illumination I ft-c. 10 ft-c. 100 ft-c. 

Muscular tension 63 g. 54 g. 43 g. 

100 % 86 % 68 % 

In correlating these figures with the known facts about driving, we 
can see that an individual driving at night may be subjected to a 
fatigue as severe and as trying as the fatigue caused by physical labor. 

c. Heart rate depression has been noted after the application of 
stimuli that are known to produce fatigue. It is questionable whether 
mental effort will produce this effect unless there is a corresponding 
physical fatigue. An investigation of one hour^s reading under low 
and high illumination shows that: 

Illumination 1 ft-c. 10 ft-c 100 ft-c. 

Heart rate decrease 10% 5% 1% 

This is accounted for by the reflex stimulation of the central nervous 
system which is produced by the effort of the seeing act. The end 
result is that the inhibitory nerve of the heart is stimulated. It is 
agreed that the resultant decrease of the heart rate indicates a fatigue, 
even though the physiological reactions are doubtful. 

/. Frequency of blinking of the eye is one of the recent reactions to 
be investigated. In the early 1930^8 psychologists began to consider 
seriously an interpretation of the blinking of the eyes, an involuntary 
act of the individual variable when investigated against time. In 
1937 reports of an investigation with respect to illumination were 
given, and the results show that: 

Illumination 1 ft-c. 10 ft-c. 100 ft-c. 

Frequency of blink 100% 77% 65% 

Rapid blinking of the eyes measures fatigue when examined in the 
study of other stimuli; therefore, it is reasonable to assume that 
the same is true under an investigation where the illumination is the 
stimulus. The frequency of blinking is now included among the prob- 
able measures of the comfort of the complete lighting installation and 
is of particular interest in that its measure is simple, direct, and easily 
applied. Research has shown that both the severity and duration of a 
visual task will cause an increase of the rate of blinking. The measur- 
ing of the initial blinking rate and the determination of the absolute 
fatigue of the individual have now been established as procedures of 
merit. 

Since the frequency of blink seems to be one of the more important 
reactions of the individual to illumination, the following data on the 
response of the human subject imder other than illumination criteria 
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are interesting. These data are listed as percentages but are indepen- 
dent of each other. 


Illumination (one hour's reading) 

100 ft-c. 
8% 

10 ft-c. 
31% 

1 ft-c. 

71% 

Type size 

12-point 

100% 

6-point 

148% 


Glare (25-w. lamp at 20®) 

without 

100% 

with 

156% 


Opthalmic correction 

H diopter 
152% 

piano 

100% 

- diopter 
145% 


Since blinking constitutes a relief mechanism, its application may be 
varied as a measuring tool and research to date discloses that it has 
unusually high sensitivity. 



Fio. 5-3.’ Comparison of production benefit and eye benefit with increased illumi- 
nation. 

10. Summary of Eye Comfort Conditions. Figure 4-3 shows, in 
summary, the effect of the various criteria given in the preceding 
articles. The effects follow approximately logarithmic laws with a 
rapid rate of gain at first which quickly decreases. The procedure 
used in plotting these data to logarithmic coordinates is often mis- 
leading. The gains are in proportion to the necessary increase in the 
stimulus to obtain corresponding degrees of better visibility. If this is 
true, the researches are consistent and worth consideration. The re- 
sults of the research are indicative of the trend but should be carefully 
weighed in attempting to make any application of the data. 

Figure 5-3 shows the relative benefit gained through illumination 
for productive labor and for the individual. The productive gains 
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seem to stop at about 30 ft-c., whereas the benefit to the physical and 
mental condition of the worker continues as far as present-day in- 
vestigation has gone. Undoubtedly there will come a time when the 
illumination stimulus will pass safe limits and the human being will 
suffer, but at present economic conditions limit the illumination to a 
point below the high levels used in any researches. 

The following quotation from a paper by Dr. Walter B. Lancaster 
rather tersely summarizes the problem from both the medical and 
engineering points of view. He says: 

In brief, it may be stated that the amount of light required 
depends (a) on the eyes. The eyes have to be considered in de- 
ciding on the level of illumination because, if the eyes are deficient, 
they need more light. This has been so conclusively demonstrated 
so many times that no further argument is needed as to the va- 
lidity of the general proposition, (b) On the work. For such a 
standard task as reading 12-point type on good paper (assuming 
normal eyes), 10 foot-candles will do, 15 foot-candles is better. 
When the work is finer or when the contrast is less, more light is 
needed. When speed is required and accuracy is important, more 
light is needed. 

Of course, daylight out of doors is much brighter. This does 
not prove that the eyes need an equivalent level of illumination 
for eflSicient work. The eyes are marvellously adaptable to dif- 
ferent levels of brightness and the only way to settle such a ques- 
tion is by actual trial, not by theory. On the other hand, the 
fact that the eyes perform satisfactorily in bright daylight shows 
that there is no danger of getting artificial light too bright provided 
its distribution is correct — properly diffused and free from glare. 

IL Foot-Candle Prescriptions.^^ Though foot-candles are meas- 
ured in an objective manner, the prescribing of the amount to use is 
strictly governed by subjective analysis. The amount of illumination 
needed is only one factor, the other being that of making the S 3 ^tem 
economical. The economic factor has been to the advantage of more 
illumination, for considering the cost of lamps, the increase of lamp 
eflSciency, and the reduction in power rates, it is possible to obtain 
today, for a given amount of money, two and one-half times as much 
light as could be obtained for the same amount of money in 1925. 

Probably the more reasonable way of specifying illumination is by 
the task to be performed rather than by foot-candles (Fig. 6-3). This 
would include the brightness, the relative visibility, and the foot- 
candles — all in their proper relationship. There are instruments 
available for measuring these properties (discussed in Chapter 2). On 
this basis, it may be suggested that the following illumination will prove 
satisfactory: 
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100 ft-e. or more. By supplementary lighting where the task is se- 
vere and prolonged, the details very small, the contrast low, and the 
speed of operation high. 

50 to 100 ft-e. By supplementary lighting for close work where 
speed is not a factor and the work is small in size. 

iO to 60 ftrc. It is better to supply this by local li g h ting if con- 
venient, for the range is the upper limit of general illiunination. The 



Fio. 6-3. Relative toot-oandle presoription of light based on the task. 

normal industrial and commercial tasks for close desk and office work 
fall into this group. 

10 to 20 fUc. Applicable to most recreational needs and ordinary 
tasks that are not prolonged throughout the working day; easily ol^ 
tained with genertd lighting. 

6 to 10 ft-e. Obtained by general lighting; work in which seeing 
is important but not confined; where the contrast is good, the object 
fairly large, and the speed of movement slow. 

Lower than 6 ftrC. For casual seeing and for passageways. This 
amount of lig^t will be sufficient for walking and for handling large 
objects. In dripping deparUnents, markingB of the proper aze can be 
checked under iliamination. 
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TABLE 


Recommended Minimum Standards of 



Ft-c. 


Ft-c. 

Armories 


Halls and Interior Passageways 


Drill sheds and exhibition 


(15 w. per running foot) 

5 

halls (This does not in- 


Hospitals 

10 

elude lighting circuits for 


Lobby, reception room 

demonstration booths, spe- 


Corridors (8 w. per running 


cial exhibit spaces, etc. ) 

10 

foot) 

2 

Art Galleries 


Wards (including allow- 


General 

5 

ance for convenience out- 


On paintings (100 w. per 


lets for local illumination) 

10 

running foot of usable wall 


Private rooms (including 


area) 

50-100 

allowance for convenience 


Auditoriums 

5 

1 outlets for local illumina- 

10 

Automobile Show Rooms 

20 

tion) 

Banks i 


Operating room j 

20 

Lobby 

10 

Operating tables or chairs 


Counters (75 w. per run- * 


(Major surgeries — 3000 


ning foot including serv- 
ice for signs, small motor 


w. per area; minor sur- 
geries — 1500 w. per area. 
These two figures include i 


applications, etc.) 

50-100 


Offices and Cages 

Barber Shops and Beauty Par- 
lors (This does not include 

20 

allowance for directional 
control. Special wiring 
for emergency systems 

100 

circuits for special equip- 


must also be considered.) 

ment.) 

20 

Laboratories 

20 

Bowling 


Hotels 


Alley runway and seats 

10 

Lobby (not including provi* 


Pins (300 w. per set of pins) 

30-50 

sion for conventions, ex- 

10 

Billiards 


hibits) 

General 

10 

. Dining room 

5 

Tables (450 w. per table) 

30-50 

Kitchen 

10 

Churches 


Bed rooms (including allow- 


Auditoriums 

5 

ance for convenience out- 

10 

Sunday School rooms 

10 

lets) 

Pulpit or rostrum 

Club Rooms 

15 

Corridors (10 w. per run- 



ning foot) 

2 

Lounge 

5 

Writing room (This in- 


Reading Rooms (The 


cludes allowance for con- 

30-50 

above two uses are so 


venience outlets.) 

often combined that the 


Library 


higher figure is advisable. 


Reading rooms (This in- 


It includes provision for 


cludes allowance for con- 

30-50 

convenience outlets.) 

30-50 

venience outlets.) 

Court Rooms 

10 

Stack room (12 w. per 


Dance Halls (No allowance 


running foot of facing 

10 

has been included for spec- 


stacks) 

tacular lighting, spots, etc.) 

5 

Moving Picture Theater 


Drafting Rooms 

30 

During intermission 

5 

Fire Engine Houses 
Gymnasiums 

2-10 

During pictures (These fig- 
ures do not include aux- 


Main floor 

15 

iliary circuits for color 


Shower rooms 

10 

or other spectacular ef- 


Locker rooms 

^ 6 

fects.) 

1 0.1 

Fencing, boxing, etc. 

20 

Handball, squash, etc. 

30 
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III-3A* 


Illumination for Commercial Interiors 



Ft-c. 


Ft-c. 

Museum 


Show' Windows 


General 

10 

* Large Cities 


Local illumination of special 


Brightly lighted district (350 


exhibits (Allow wattage 


w. per running foot of 


for local illumination equal 


glass frontage) 

200 

to total calculated for gen- 


Secondary business loca- 


eral lighting.) 

50-100 

tions (250 w. per running 


Office Ifuildings 


foot of glass frontage) 

100 

Private offices (no close 


Neighborhood stores (150 


work) 

10 

w. per running foot of 


Private offices (with close 


glass frontage) 

50 

work) 

20 

^Medium Cities 


General offices (no close 


Brightly lighted districts 


work) 

10 

(250 w'. per running foot 


General offices (with close 


of glass frontage) 

100 

work) 

20 

Neighborhood stores (150 


File room, vault, etc. 

10 

w. per running foot of 


Reception room 

5 

gla.ss frontage) 

50 

Post Office 


* Small Cities and Towns 


Lobby 

10 

(150 w. per running foot 


Sorting, mailing, etc. 

20 

of glass frontage) 

50 

Storage, file room, etc. 

10 

Lighting to Reduce Daylight 


Professional offices 


Window Reflections 


Waiting room.s 

10 

(750 w'. per running foot of 


Consultation rooms 

20 

glass frontage) 

500 

Operating offices 

20 

♦10% reduction for glass on 


Dental chairs (600 w. per 


2 sides 


chair) 

30-50 

*25% reduction for glass on 


Railway 


[ 3 sides 


Depot — waiting room 

10 

*40% reduction for island 


Ticket offices — general 

10 

window's 

1 

Ticket counters (75 w. per 




running foot) 

30-50 

Stores — Department, Spe- 


Rest room, smoking room 

10 

cialty and Miscellaneous 


Baggage room 

10 

Large i 


Concourse 

5 

Main floor 

20 

Train platform 

5 

Other floors 

15 

Restaurants. Lunch Rooms 


Stores in Outlying Districts 

15 

and Caieterias 


Theaters! 


Dining area 

10 

Auditoriums (This figure 


Food displays (100 w. fier 


does not include auxiliary 


running foot of counter 


circuits for color or other 


[including service aisle]) 

30-50 

spectacular effects.) 

5 

Schools 


Foyer 

10 

Auditoriums 

6 

Lobby 

15 

If used as a study hall 

15 

Wall Cases (50 to 75 w. per 


Class and study rooms 

16 

running foot, depending 


Drawing room 

25 

on height and depth) 

50-100 

Laboratories 

15 



Manual training 

15 



Sewing room 

25 



Sight saving classes 

30 



Show Cases (40 w. per running 




foot) 

50-100 




* Handbook of Interior Wiring Design — Industry Committee on Interior Wiring Design, 1937. 
t See Table IV-ll for more detailed recommendations. 
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These recommendations cannot be made without qualifications. 
These quantities are very Kkely to increase as more is known con- 
cerning human requirements, as the sources become more efficient, and 
as power costs decrease. 

Tables III-3A and III-3B are tables of recommended illumination 
for specific tasks compiled from Transactions of the Illuminating En- 
gineering Society^ April, 1939, and the recommendations of the In- 
dustry Committee on Interior Wiring Design as reported in the 
Handbook of Interior Wiring Design. The Illuminating Engineering 
Society had a representative on this committee and was a sponsor. 

The use of these tables and foot-candle recommendations without 
regard to the equipment, its location, or the comfort of the operators 
performing a task is a form of negligence which it is hoped will soon 
disappear from the practice of the architect, the engineer, and the 
salesman promoting better lighting systems. 

TABLE III-3B" 

Industrial Illumination 

Recommended Minimum Standards of Illumination for Industrial Interiors 
(These foot^candle values represent order of magnitude rather than exact levels 

of illumination.) 



Minimum 

Operattog 
Foot- 
Candlet 
(Measured 
on the 
Work) 


Minunum 
Operatinc 
Foot- 
Candlee 
(Measured 
on the 
Work) 

Aisles, Stairways, Passageways 

5 

Breweries: 


Assembly: 


Brew house 

5 

Rough 

10 

Boiling, keg washing and filling 

10 

Medium 

20 

Bottling 

15 

Fine 

B* 

Candy Making: 


Extra Fine 

A* 

Box department 

20 

Automobile Manufacturing: 


Chocolate department 


Assembly line 

B* 

Husking, winnowing, fat 


Frame assembly 

15 

extraction, crushing and 


Body manufacturing — 


refining, feeding 

10 

Parts 

20 

Bean cleaning and sorting, 


Assembly 

20 

dipping, packing, wrap- 


Finishing and inspecting 

A* 

ping 

20 

Bakeries 

20 

Milling 

C* 

Book Binding: I 


Cream making: I 


Folding, assembling, pasting, etc. 

10 

Mixing, codring, and mold- 


Cutting, punching, and stitching 

20 

ing 

20 

Embossing 

20 

Gum drops and jellied forms 

20 


* See re/erence footnote et end of table. 
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TABLE ra-3B — Con«nu«i 



mniiiwifw 

Opcntting 

Pooi- 

Cuidleg 


IdtuBunn 

OttldlM 

Hand decorating 

c* 

Coal Tipples and Cleaning 


Hard Candy 


Plants: 


Mixing, cooking and mold- 


Breaking, screening, and clean- 


ing 

20 

ing 

10 

Die cutting and sorting 

C* 

Picking 

A* 

Kiss making and wrapping 

C* 

Construction — Indoor: 


Canning and Preserving 

20 

General 

10 

Chemical Works: 


Dairy Products 

20 

Hand furnaces, boiling tanks, 


Elevators — Freight and Pas- 


stationary driers, station- 


senger 

10 

ary and gravity crystallizers 

5 

Engraving 

A* 

Meohanioal furnaces, gener- 


Forge Shops and Welding 

10 

ators and stills, mechan- 


Foundries: 


ioal driers, evaporators, 


Charging floor, tumbling. 


filtration, mechanical crys- 


cleaning, pouring, and 


talUzers, bleaching 

10 

shaking out 

5 

Tanks for cooking, extractors, 


Rough molding and core 


percolators, nitrators, elec- 


making 

10 

trolytic ceUs 

15 

Fine molding and core making! 

20 

Clay Products and Cements: 


Garages — Automobile: 


Grinding, filter presses, kiln 


Storage — live 

10 

rooms 

5 

dead 

2 

Molding, pressing, cleaning 


Repair department and wash- 


and trimming 

10 

ing 

C* 

Enameling 

16 

Glass Works: 


Color and glazing 

20 

Mix and furnace rooms, press- 


Cleaning and Pressing Industry: 


ing and Lehr, glass blow- 


Checking and sorting 

20 

ing machines 

10 

Dry and wet cleaning and 


Grinding, cutting glass to 


steaming 

10 

size, silvering 

20 

Inspection and spotting 

A* 

Fine grinding, polishing, bevel- 


IVessing 


ing, etching, and decorat- 


Machine 

20 

ing 

i C*D* 

Hand 

C* 

Inspection 

B*D* 

Receiving and shipping 

10 

Glove Manufacturing: 


Repair and alteration 

C* 

Light goods — 


Cloth Products: 


Pressing, knitting, sorting 

10 

Cutting, inspecting, sewing — 


Cutting, stitching, trimming 


Light goo^ 

20 

and inspecting 

20 

Dark goods 

A^ 

Dark Goods — , 


Pressing, cloth treating (oil- 


Cutting, inesi^, knitting, 


cloth, etc.) 


sorting 

20 

Light goods 

10 

Stitching, trimming, and 


Dark goods 

20 

inspection 

A* 


* Tffwrmot footnote *t end <rf tnUe. 
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TABLE III-3B — ConI»nu«d 



Minimum 

Operating 

Foot- 

Candles 


Minimum 

Operating 

Foot- 

Candles 

Hangars — Aeroplane: 


Meat Packing: 


Storage — live 

10 

Slaughtering 

10 

Repair department 

c* 

Cleaning, cutting, cooking, 


Hat Manufacturing: 


grinding, canning, packing 

20 

Dyeing, stiffening, braiding, 


Milling — Grain Foods: 


Cleaning and refining — 


Cleaning, grinding, and rolling 

10 

Light 

10 

Baking or roasting 

20 

Dark 

20 

Flour grading 

30 

Forming, sizing, pouncing. 


Offices: 


flanging, finishing and 


Bookkeeping, typing, and ac- 


ironing — 


counting 

30 

Light 

15 

Business machines — power 


Dark 

30 

driven 


Sewing — 


(Transcribing and tabu- 


Light 

20 

lating) — i 


Dark 

A* 

Calculators, key punch. 


Ice Making — Engine and Com- 


bookkeeping 

B* 

pressor Room 

10 

Conference room 


Inspection : 


General meetings 

10 

Rough 

10 

Office Activities — See Desk 


Medium 

20 

work 


Fine 

B* 

Corridors and stairways 

5 

Extra fine 

A* 

Desk work 


Jewelry and watch manu- 


Intermittent reading and 


facturing 

A* 

writing 

20 

Laundries 

20 

Prolonged close work, com- 


Leather Manufacturing :t 


puting, studying, design- 


Leather Working :t 


ing, etc. 

C* 

Locker Rooms 

5 

Reading blueprints and 


Machine Shops: 


plans 

30 

Rough bench and machine work 

10 

Drafting 


Medium bench and machine 


Prolonged close work — art 


work, ordinary auto- 


drafting and designing in 


matic machines, rough 


detail 

C* 

grinding, medium buff- 


Rough drawing and sketching 

30 

ing and polishing 

20 

Filing and index references 

20 

Fine bench and machine 


Lobby 

10 

work, fine automatic ma- 


Mail sorting 

20 

chines, medium grinding, 


Reception rooms 

10 

fine buffing and polishing 

B* 

Stenographic work 


Extra fine bench and ma- 


Prolonged reading short- 


chine work, grinding — 


hand notes 

1 C* 

Fine work 

A* 1 

Vault 

10 


• See reference footnote at end of table. 

t An 1. E. S. research study of lighting in thia industry is now in progress. 
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TABLE III-3R — Continued 



Minimum 

Operating 

Foot- 

Candles 


Minimum 

Operating 

Foot- 

Candlee 

Packing and Boxing 

10 

Imposing stones 

A*D^ 

Paint Mixing 

10 

Proofreading 

A* 

Paint Shops: 


Photography: 


Dipping, simple spraying, 


Dry plate and film 

2000 

firing 

10 

Wet plate 

3000 

Rubbing, ordinary hand paint- 


Printing on metal 

2000 

ing and finishing; art, 


Electrotyping: 


stencil, and special spray- 


Molding, finishing, level- 


ing 

20 

ing molds, routing, trim- 


Fine hand painting and fin- 


ming 

B* 

ishing 

B* 

Blocking, tinning 

C* 

Extra fine hand painting and 


Electroplating, washing, back- 


finishing (automobile bod- 


ing 

20 

ies, piano cases, etc.) 

A* 

Photo engraving: 


Paper Box Manufacturing: 


Etching, staging 

20 

Light 

10 

Blocking 

C* 

Dark 

20 

Routing, finishing, proofing 

B* 

Storage 

5 

Tint laying 

A* 

Paper Manufacturing: 


Receiving and Shipping 

10 

Beaters, grinding, calendering 

10 

Rubber Manufacturing and 


Finishing, cutting, trimming, 


Products:! 


paper-making machines 

20 

Sheet Metal Works: 


Plating 

i 10 

Miscellaneous machines, or- 


Polishing and Burnishing 

15 

dinary bench work 

15 

Power Plants, Engine Room, 


Punches, presses, shears. 


Boilers : 


stamps, welders, spin- 


Boilers, coal and ash han- 


ning, medium bench work 

20D* 

dling, storage battery 


Tin plate inspection 

B*D» 

rooms 

5 

Shoe Manufacturing (Leather): 


Auxiliary equipment, oil 


Cutting and stitching 


switches and trans- 


Cutting tables 

10 

formers 

10 

Marking, buttonholing, skiv- 


Engines, generators, blowers, 


ing, sorting, vamping, and 


compressors 

15 

counting — 


Switchboards 

C 

Light materials 

20 

Printing Industries: 


Dark materieils 

C* 

Type foundries — 


Stitching 


Matrix making, dressing type 

A* 

Light materials 

C* 

Font assembly — sorting 

B* 

Dark materials 

B* 

Hand casting 

C^ 

Making and fini^u^S 


Machine casting 

20 

Stitchers, nailers, sole layers, 


Printing plants: 

C* 

welt beaters and scarfers, 


Presses 

C* 

trimmers, welters, lasters, 



* See reference footnote at end of table. 

t An 1. E. S. research study of lighting in this industry is now in progress. 
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TABLE III-3B — Continued 



Minimum 

Operating 

Foot- 

Candlei 


Minimum 

Operating 

Foot- 

CandloB 

edge Betters, sluggers, ran- 


1 Rough bench and ma- 


ders, tvlieeleiB, treers, 


1 chine work 

10 

cleaning, 8 pra 3 ring, buffing, 


1 Medium bench and ma- 


polishing, embossing — 


chine work 

20 

Light Materials 

20 

Fine work — buffing, pol- 


Dark Materials 

C* 

ishing, etc. 

B* 

Storage, packing, and shipping 

10 

Extra fine work 

A* 

Shoo Manufacturing (Rubber): 


Blacksmith shop 

10 

Washing, coating, mill run 


Laboratories (chemical and 


compounding 

10 

physical) 

15 

Varnishing, vulcanising, cal- 


Carpenter and pattern shop 

20 

endering, upper and sole 


Storage 

2 

cutting j 

c* 

Stone Crushing and Screening: 


Sole rolling, lining, making 


Belt conveyor tubes, main 


and finishing processes 

c* 

line shafting spaces, chute 


Soap Manufacturing: 


rooms, inside of bins 

5 

Kettle houses, cutting, soap 


Primary breaker room, aux- 


chip and powder 

10 

iliary breakers under bins 

5 

Stamping, wrapping and pack- 


Screens 

10 

ing, filling and packing 


Storage Battery Manufacturing: 


soap powder 

20 

Molding of grids 

10 

Steel and Iron Manufacturing: 


Store and Stock Rooms: 


Billet, blooming, sheet bar, 


Rough bulky material 

5 

skelp and slabbing mills 

5 

Medium or fine material re- 


Boiler room, power house. 


quiring care 

10 

foundry and furnace rooms 

5 

Structural Steel Fabrication 

10 

Hot sheet and hot strip mills 

1 10 

Sugar Grading 

30 

Ck>ld strip, pipe, rail, rod, tube, 


Testing: 


universal plate and wire 


Rough 

10 

drawing 

10 

Fine 

20 

Merchant and sheared plate 


Extra fine instruments, scales. 


millft 

15 

etc. 

A* 

Tin Plate Mills - 


Textile Mills (Cotton): 


Hot strip rolling and tin- 


Opening, mixing, picking, 


ning machine department 

10 

carding and drawing 

10 

Cold strip rolling 

16 

Stubbing, roving, spinning 

20 

Inspection — 


Spooling, warping on comb 

20 

Black plate 

C* 

Beaming, and slashing on 


Bloom and billet chipping 

C* 

comb — 

I 

Tin plate and other bright 


Grey goods 

20 

surfaces 

B*D* 

Denims 

B* 

Machine shops and main- 


Inspection — 


tenance departm^t 


Grey goods (hand turning) 

C* 

Repair shops — 


Denims (rapidly moving) 

A* 


* See rtfttme* footnote «t end of teUe. 
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TABLE III'-SB — Cmdinued 



Minimum 

Operating 

Foot- 

Ca^lei 


Minimum 

Openting 

1 Poot- 
i Cnn^ 

Automatic tying-in, weaving 

B* 

Twisting, dyeing 

10 

Drawing-in by hand 

A* 

Drawing-in, warping — 


Silk and Rayon Manufacturing: 


Light goods 

15 

Soaking, fugitive tinting, and 


Dark goods 

30 

conditioning or setting of 


Weaving — 


of twist 

10 

Light goods 

16 

Winding, twisting, rewinding, 


Dark goods 

30 

and coning, quilling, slash- 


Knitting machines 

20 

ing 

30 

Tobacco Products: 


Warping (silk or cotton sy^ 


Drying, stripping, general 

10 

tern) 


Grading and sorting 

A* 

On creel, on running ends, 


Toilets and Wash Rooms 

5 

on reel, on beam, on warp 


U pholstering — Automobile, Coach 


at beaming 

C* 

Furniture 

20 

Drawing-In — 


Warehouse 

5 

On heddles 

A* 

Woodworking: 


On reed 

A* 

Rough sawing and bench work 

10 

Weaving — 


Sizing, planing, rough sanding, 


On heddles and reeds 

5 

ing, medium machine and 


On warp back of harness 

10 

bench work, gluing, ve- 


On woven cloth 

30 

neering, cooperage 

20 

Woolen: 


Fine bench and machine 


Carding, picking, washing, 


work, fine sanding and 


combing 

10 

finishing 

C* 

* lighting recommendations for the I 

possible must eliminate direct 

and re- 


more difficult seeing tasks, as indicated 
by A, B, C, and D in the foregoing 
table, are given in the following: 

Group A: 

These seeing tasks involve (a) the dis> 
crimination of extremely fine detail under 
conditions of (6) extremely poor contrast 
(c) for long periods of time. To meet 
these requirements, illumination levels 
above 100 ft-c. are recommended. 

To provide illumination of this order 
a combination of at least 20 ft-c. of 
general lighting plus specialised sup- 
plementary lighting is necessary. 
design and installation of the combinar 
tioQ systems must not only provide a 
sufficient amount of light but also must 
provide the proper direction of light, 
diffusion, eye protection, and in so far as 


fleeted glare as well as objectionable 
shadows. 

Group B: 

This group of visual tasks involves (a) 
the discrimination of fine detail under 
conditions of (6) a fair degree of contrast 
(c) for long periods of time. lUumination 
levels from 60 to 100 ft-c.. are required. 

To provide illumination of this order 
a combination of 10 to 20 ft-c. of general 
lighting plus specialized supplementary 
lighting is necessary. The design and 
installation of the combination systems 
must not only provide a sufficient 
amount of light but also must provide 
the proper direction of light, diffusion, 
eye protection, and in so far as possible 
must eliminate direct and reflected g^are 
as well as objectionable shadows. 
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Group C: 

The seeing tasks in this group involve 
(a) the discrimination of moderately fine 
detail under conditions of (b) better- 
than-average contrast (c) for intermittent 
periods of time. 

The level of illumination required is 
of the order of 30 to 50 ft-c. and 
in some instances it may be provided 
from a general lighting system. Often- 
times, however, it will be found more 
economical and yet equally satisfactory 
to provide from 10 to 20 ft-c. from the 
general system and the remainder from 
specialized supplementary lighting. The 
design and installation of the combina- 
tion systems must not only provide a 
sufficient amount of light but also must 
provide the proper direction of light, 
diffusion, eye protection, and in so far 
as possible must eliminate direct and 
reflected glare as well as objectionable 
shadows. 


Group D: 

The seeing tasks of this group require 
the discrimination of fine detail by utiliz- 
ing (a) the reflected image of a lumi- 
nous area or (6) the transmitted light 
from a luminous area. 

The essential requirements are (1) that 
the luminous area shall be large enough to 
cover the surface which is being inspected 
and (2) that the brightness be within the 
limits necessary to obtain comfortable 
contrast conditions. This involves the 
use of sources of large area and relatively 
low brightness in which the source bright- 
ness is the principal factor rather than 
the foot-candles produced at a given 
point. 

In these areas many of the ma- 
chines require one or more supplemen- 
tary lighting units mounted on them in 
order effectively to direct light toward 
the working points. 
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CHAPTER 4 


COLOR AND SHADOW 

Both color and shadow are factors of more value in recognition and 
aesthetic interpretation than in seeing. If all objects were black and 
white, it would still be possible to apply quantity and quality of il- 
lumination to make the visual task more comfortable, but there would 
be the loss of the effective third dimension and the beauty that lies in 
color. 

In Chapter 3, seeing was discussed as a very complex process more 
dependent upon the physiological and psychological senses than upon 
either objective measurements or upon color and shadow. Aside from 
the purely mechanical function of the eye, the nerve centers, and the 
brain, the two recognition factors may be considered as subjects to be 
studied in the field of psychology. Much work has been done in this 
field, and there has been considerable controversy. 

The difliculty with color and shadow lies in reproduction of identi- 
cal effects when these are desired. It is practically impossible to re- 
produce colors in paints, fabrics, or even colored lights with any degree 
of accuracy. In the past, this judging of colors has been entrusted to 
the eyes of specifically trained people who used a process of matching 
that was confined to three standard colors. Recently, equipment and 
methods have been developed which will permit the establishment of 
objective standards not dependent upon the eye for matching. The 
problem will not lie in determining whether or not the colors do match 
but in the reproduction of colors that will match positively. 

L Color. Color is subjective evaluation by the eye of that quality 
of light which is determined by its spectral distribution. Colors may 
be specified by their brilliancy, hue, and saturation. Figure 1-2 (page 
16), shows the response of a hypothetical eye to different wavelengths of 
light, and Fig. 3~2 (page 17) shows the regions of the various colors 
in the visible portion of the radiant spectrum. Where brilliancy, hue, 
and saturation are psychological, the above two figures are representa- 
tive of the measurements which belong to the objective. The reconcil- 
ing of each to the other has been the specific advancement of cobr 
analysis in the last few years, and the introduction of color into the 
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problems of the illuminating engineer has been even more recent. 
Definite knowledge concerning color has become a necessity to the 
architect and others responsible for the designing of lighting installa- 
tions. 

2. Nomenclature of Color. In order to express the sensation of 
color, there has been developed in the study of the phenomena by ex- 
perimental psychologists a terminology which will undoubtedly be 
permanent even if objective specifications are accepted. Man has tried 
from a very early period to capture the variety and beauty with which 
nature invested the surrounding sky, landscape, and flora. Much has 
been reproduced with pigment, but never with the brilliancy of natural 
colors. With the availability of liglits and control of light, something 
further can be produced that cold pigments have not been able to 
simulate; therefore, the engineer and architect must become ac- 
quainted with the vocabulary of colors with a different object in view. 

а. Brilliancy is a measure of magnitude. Any color may be dark 
or light depending upon the amount of light reaching the retina and 
the response of the retina to the quantity of light. This characteristic 
is the brightness or luminosity of the light given off in the color and 
is independent of the wavelength. In objective measurements, this 
characteristic is referred to the visibility curve. 

б. Hue is the property of color by which the various spectral re- 
gions are characteristically distinguished (Fig. 3-2, page 17). All 
colors except purples and white may be matched in hue with spectral 
colors. In the case of purple, the spectral hue which is complementary 
to the hue of the purple is ordinarily used for scientific designation. 
By this designation a color is known to be red, green, blue, purple, etc. 

c. Saturation (chroma) of a color is the degree of freedom from ad- 
mixture with white. Monochromatic spectral light may, for purposes 
of measurement, be considered as having a saturation of 100 per cent. 
As white is added, the saturation decreases imtil, when the hue en- 
tirely disappears, the saturation is zero. White is the limiting color 
having no hue and zero saturation, but it may have any degree of 
brilliancy. 

d. Complementary hues. Two hues are complementary if they may 
be mixed to produce white. Whenever lights of two or more hues are 
mixed, the resultant light, though it may have ^me dominant hue, 
will ordinarily be evaluated subjectively as having an admixture of 
white. 

Upon these four definitions, three t 3 rpes of specifications depend; 
that is, chemical, physical, and psychological, the last of which is 
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undoubtedly the final analysis, for color, like light, must be non-irritat- 
ing to give comfort. There will always be the common language 
according to which no color could be accurately matched; on the 
other hand, the language of the physicist specifies the tristimulus coef- 
ficients or dominant wave, the brightness and the purity of color — a 
system only the specialist will understand. These measurements made 
by the physicist will be discussed at the end of the chapter. 

3. Production of Colored Light. Various methods are used to 
produce colored light. Chemicals may be burned which give off very 
selective wavelengths. This method was formerly used on the stage, 
but the risk makes it prohibitory for this purpose; however, displays 

TABLE 1-4 

The Effect of Colored Light 
ON the Appearance of Colored Objects 


Natural 
Color of 
Object 

Color of Light Illumtnating the Object 

Red 

Orange 

Yellow 

Green 

Blue 

Violet 

Black 

White 

Gray 

Red-black 

Red 

Red shade 

Orange-black 

Orange 

Orange shade 

Yellow-black 

Yellow 

Yellow shade 

Green-black 

Green 

Green shade 

Blue-black 

Blue 

Blue shade 

Violet-black 

Violet 

Violet shade 

Red 

Orange 

YeUow 

Red 

Red 

Orange-red 

Scarlet 

Orange 

Yellow-orange 

Orange 

Yellow-orange 

Yellow 

Brown 

Greenish yellow 
Yellowish green 

Purplish black 
Black 

Greenish black 

Reddish black 
Black 

Black 

Light Green 

Dmp Green 

Light Blue 

Red shade 

Black 

Violet 

Yellow-men 
Greenish black 
Dark gray 

Greenish, yellow 
Yellowish ween 
Yellowish snade 

Green 

Green 

Blue-green 

Blue-green 
Greenish blue 
Blue 

Bluish shade 
Blue-black 

Violet 

Deep Blue 

Violet 

Purple 

Rose 

Purple 

Recldish black 
Red shade 

Red tint 

Blue-gray 

Red-purple 

Red shade 

Red tint 

Gray 

Gray 

Red shade 

Red tint 

Blue-green 

Blue 

Black 

Greenish black 

Blue 

Violet-blue 

Blue 

Blue shade 

Blue- violet 

Violet 

Violet 

Violet shade 


of p 3 a*otechnics form a part of many fairs and celebrations. Filters 
of various types may be used, which when placed in front of a light 
source with a continuous spectrum will allow only certain wavelengths 
to pass and will absorb the remainder. The selection of the filter is 
often governed by cost and permanency; glass filters are least likely 
to show fading, whereas some dyed materials fade very rapidly. 
Colored reflecting surfaces may be the source of light; this is fre- 
quently accomplished in theaters with light arrangements in coves. 

Most colors, as we see them, are due to selective reflection. White 
light represents a light forming a continuous spectrum of equal energy 
in the visible spectrum. If the reflecting color were pure, only the one 
wavelength would be reflected, but this is seldom true since very few 
colors are fully saturated. The eye is not necessarily capable of re- 
sponding equally or with the same interpretation to the same color at 
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different times, because the surroundings have a marked effect on the 
interpretation. A pure red light upon a pure blue surface would cause 
the surface to appear black because all the red light would be absorbed 
and none would be returned. This is equally true, in an absolute sense, 


TABLE II-4 

Transmission Efficiency of Color Media * 


Color Media 

Blue 

% 

Green 

% 

Red 

% 

Amber 

% 

Natural glass bulbs 

0.6 

8.7 

3 0 

45.0 

Roundels and caps 

7.6 

8.5 

21.0 

33.0 

Gelatin 

1.3 

17.0 

5 2 

48.0 

Dyes and lacquers 

5 0 

2.5 

20.0 

50.0 

Inside colored lamps 

0.4 

3.5 

5.7 

50.0 

Average 

2 9 

8.0 

10.9 

45.0 


• See Table II-ll (page 343). 


for any pure colored light on a colored (pure colors) surface except 
for the color that corresponds to the color of the light. If the light 
and surface have mixed colors, various results may be obtained that 
are not always predictable, unless all the physical properties of both 




Fig. 1-4. Color mixture (a) by addition of wavelengths of light; (h) by sub- 
traction of wavelengths of light. 

light and color are known. Table 1-4 is a chart showing some com- 
mon light and pigment combinations. 

With the advent of the new fluorescent lamps, which have efficient 
color light characteristics, it is possible to have light sources by other 
than subtractive means. The poor efficiency of the subtractive means 
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of obtaining color light is shown by a study of Table II-4. This table 
lists the common types of colored light sources available in addition to 
the fluorescent lamps. 

4 . Miziiig Colors. Colors have been measured for physical speci- 
fications by matching against three primary colors. It is possible to 
obtain, by choosing and mixing three properly selected primary colors, 
the visual sensations for any color, including white, which is a mixture 
of ail colors. There are two methods for mixing colors; the additive 

TABLE III-4 


ADDmva Mixino or Colcbs 


Dimmer Setting — Per Cent 

Color 

200 w. 

Red 

200 w. 

Blue 

160 w. 
Green 

100 

0 

0 

Red 

100 

55 

60 

Light red 

100 

00 

15 

Magenta 

100 


60 

Orange 

100 

10 


Amber 

100 



Yellow 

50 

10 


Yellow-green 

0 

0 


Green (yellow tint) 

35 

55 


1 Light green 

0 

100 


Green-blue 

20 

100 


Blue 

30 

100 


Light blue 

0 

100 


Dark blue 

50 

100 


Violet 

55 

100 

30 

Purple 

00 

100 

100 

White 


luid the subtractive. Figure 1-4 shows color mixture of lig^t by both 
the additive and subtractive methods. In the first figure (Fig. l-4a), 
using a red filter free from blue, a green filter on the yellow side, and a 
blue filter free from red, the resultant color depends upon light pro- 
jection. If these lights are projected in the correct proportion upon a 
neutral screen, the mixtures shown will be produced. Table III-4 
gives a chart for the production of colored light by mixture (additive 
method). 

The subtractive filters should be blue-green, yellow, and magenta 
with white light being passed throu^ them. Ihe result, shown in 
Fig. l-4h, is obtained ly passing the li(^t throu|^ a set of these fillets 
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in such a manner that the circular discs of light projected overlap each 
other. These three primary colors for subtractive projection corre- 
spond to the three pigments used for color mixing. The three primary 
colors of the additive and subtractive groups are complementary. 

Besides the mixture of the primary colors, tjie character of the 
color may be changed by the addition of white and black forming what 
are called tifUa and shades^ respectively. 

6. Phjrsiology and Psychology of Color. How it is possible to see 
and distinguish color has not been definitely established. There are 
several explanations and theories prevalent, but it is not usual for 
these to need specific consideration in the lighting system. On the 
other hand, psychology, in the study of human behavior, is attempting 
to answer the questions of most interest to students of trafiSc and 
merchandizing. In theaters, window displays, show cases, public 
buildings, and public meeting places there has always been an effort 
to consider psychological effects and to contribute to comfort and 
pleasure by the use of colors. There is at present some recognition of 
the fact that not only during the hours of recreation but also during 
working hours more attention should be given to the surroundings, in 
which color may well play a part. 

Those factors that are of interest to the lighting specialist are: 

a. Sensations and reactions 
h. Color contrast 
c. Color-matching 

6. Behavior Reactions to Color Sensations. In general, the red 
end of the spectrum is stimulating and tends toward warmth, whereas 
the blue end may be cold and depressing. In large work areas a ten- 
dency to blue will produce a feeling of comfort. Combinations of 
several colors will be found more satisfactory than single pure colors 
and, if one color must be used, it should be a tint. Though psychology 
studies human behavior rather than the behavior of the two sexes, in 
the use of color and particularly in stores and window displajrs, it is 
well to examine the reactions of the sexes. All human beings react to 
bold colors of great vividness and those which are unquestionably 
primaries. This is of considerable advantage in making up display 
signs, for visibility is increased by use of strong colors. The human 
being seems most interested in the extremes of the spectrum though 
the midportion is the more visible: the woman chooses first red and 
then blue; the man chooses first blue and then red. Other factors 
aside from abstract selection may enter into the choice, because highly 
advertised current colors may influence any short period of research. 
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Although the above is true for color as a pigment or for reflected 
light, it is not true for colored light. The lower order of animals is 
interested in the bold and vivid colors of light, but the human race 
does not like this type and has a marked preference for tints. Men 
and women reverse their likes and dislikes in colored lighting, for the 
men now choose the red and the women the blue end of the spectrum. 
As suggested before, these factors are not independent, because the pres- 
ence of numerous colors and contrast has an important place. The control 
of reaction to the stimulation of the color sensation cannot be reduced 
to an exact science, but the tendencies should be given close attention. 

White and blacky though technically not colors, are thought of as 
such in common practice. Allegorically, they represent life and death. 
Black will not be found in a true sense except in deep recesses of spe- 
cial shape, and though it is used to s 3 anbolize woe, mystery, hopeless- 
ness, and evil, it is one of the most decorative colors because it 
harmonizes well. White, on the other hand, is commonly used to sym- 
bolize light, purity, humility, peace, innocence, delicacy, and timidity 
and is frequently associated with gaiety, (White has the property of 
removing the baseness from black and their combination represents the 
highest humility, resolution, and prudence.) With different races, the 
meaning of black and white, as associated with death, varies. Written 
statements concerning the reactions to color are seemingly more posi- 
tive than they should be considered, for the interpretation and investi- 
gation of color reaction must include * training and social practice. 

Gray is a neutral color, being a compromise between white and 
black. Though associated with quietude, it can represent that which 
is sullen and sad. Including black and white in the same decoration 
scheme is not the same as using gray, for the first colors represent in- 
dividually a liveliness that gray cannot approach. 

Using the generally accepted arbitrary division of the spectrum 
into color regions, (the wavelength region is included because of the 
necessity of familiarity) the accepted reaction is: 

Red (610-700 m/i) is the most lively color and has the suggestion 
of action. With this color are associated danger, anger, blood, brother- 
hood, health, heat, fire, and martyrdom. It is suggestive of the hot 
days of summer. (When rose is considered, it is associated with love, 
vivacity, and gaiety and is an adjunct to beauty.) 

Orange (590-610 m/x) retains color properties which are strong in 
the red, but heat and fire are reduced to warmth. The other charac- 
teristics of red are lost sight of just as the extremes of summer fade 
into the soft tones of autumn. Orange is a pleasant color, meeting 
with little objectionable comment. 
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Yellow (570-590 m/x), though frequently used, is less esteemed than 
any other color. It belongs to youth; it is cheerful and light, but at 
the same time it stands for cowardice, illness, and evil. Its dual 
meaning probably causes it to be used so frequently. 

Gold is a variation of yellow that is of marked importance. It 
represents power and splendor and all that is precious and expensive. 

Green (500-570 ra/x) is probably the turning point in color atmos- 
phere; it is neither warm nor cold but is restful and neutral. It is the 
most common color in living nature, and therefore is a symbol of 
spring and resurrection, the outdoors, and the refreshing. Since it is 
restful and soothing to the eye, it should be one of the factors included 
in lighting comfort. 

Blue (450-500 m/x) is definitely cool, soothing, and subduing. A 
symbol of night and of winter, it is the color of the sky and has a faint 
suggestion of future existence. It is a color that easily harmonizes, for 
the human race has become accustomed to its predominance. It 
symbolizes fidelity, truth, and serenity. 

Violet (400-450 m^t) — the sunrise, the sunset, and the landscape 
mark the atmosphere of this color. It is the producer of interest, and 
yet it is depressing and suggests age. 

Purple^ the close associate of violet, suggests the rich and royal 
and represents the pompous and the dignified. 

The subject of human reaction to color has been widely studied, 
and much material has been published. The results of research are 
often in conflict, but the influence of color is recognized by all, even 
though neither the vocabulary nor the scientific means of measurement 
is available for devising unque.stionable specifications. The foregoing 
comments are introduced to act as a warning that those specifying 
lighting should hesitate and give considerable thought to human reac- 
tion to mixtures of color and colored light in designing any installation. 

7. Color Contrast. It is difficult to separate this from brightness 
contrast in making measurements and it is not uncommon to consider 
brightness contrast as color contrast. Color contrsist may be influ- 
enced by the brightness, hue, or saturation difference or even by the 
texture of the material. A green with a purple background will appear 
much lighter than the same green pn a yellow backglound; this shows 
that the environment is also an important factor in color contrast. 
This characteristic interests the advertiser and those working with 
traflSc control. 

Considering color contrast as a purely psychological reaction not to 
be measured by objective means, it still has important meaning to the 
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artist and is the basis of any color design. Any textbook on the use of 
color devotes a major portion of the space to this topic. 

8. Color-Matching. This is an important consideration in specific 
types of industry and commercial sales. In the past, corrected light 
has been produced by a subtractive method using filters, but with the 
advent of the newer fluorescent sources it can be accomplished with 
more economy; that is, if production control on these sources will 
compare with the limits maintained in the manufacture of incandescent 
lamps. 

Color-matching is essential in many instances and should be 
independent of the light source. To choose a standard color for match- 
ing is very difficult, though a north light, because of reasonable con- 
sistency, has special recommendations. Spectral quality, saturation, 
and brightness may each influence the attempt to match color by use 
of the eye; therefore, it is desirable to use some method by which 
specifications can be made which do not depend upon the judgment of 
the human eye. The trend is toward a duplication of spectral qualities, 
thereby matching colors without regard to the illuminating source. 

Light absorption has the ability to produce in color a luster which 
is called bronze.^' It is most noticeable when color is applied to a 
black surface, because the black surface absorbs the light transmitted 
by the film of color, and the reflected light gives the surface a metallic 
luster. Such a luster may become an annoying source of glare. 

9. Color Blindness. Color blindness is a characteristic found in 
from 4 to 5 per cent of the population, with approximately 0.4 per cent 
of the women being affected and 4 per cent of the men. This defect 
contributes to automobile accidents on streets and highways. The 
degree of color blindness may range from complete inability to distin- 
guish any color to the lack of perception of, or discrimination between, 
some hues. This characteristic must be taken into account, for some 
of those afflicted do not realize the fact; therefore, the client and de- 
signer may not agree upon color combinations. Those afflicted with 
color blindness have relatively low visual acuity, yet they are able to 
distinguish between colored light and white light, not as color, but 
because of intensity difference. 

10. Objective Color Specifications. The International Commission 

on Illumination (I.C.L) has chosen as a basis for standardization the 
response to color of three sets of nerves (assuming that they exist) in 
the eye, as shown in Fig. 2-4. These curves (f, 2) have been given 

tristimulus values, (shown proportionally in Fig. 2-4) with £ having a 
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nnurimum sensitivity in the red, ^ in the green, and 2 in the blue. 
These tristimulus values are those of a hypothetical observer estab- 
Bshed by the Commission, attempting, through the medium of tables, 
to classy color according to the stimulation on the eye of one observer 
situated at any laboratory. A color analyzed with respect to these 



Wave/en^tt) in Miflim/crons 
Fio. 2-4. Tristimuliu values for the standard I.C.I, observer. 

eurves of stimulation will be claseified as one specific sensation-produc- 
ing color. The use of these curves in specifying color must be consid- 
oed in conjunction with the spectral distribution curve of the color. 

Originally, the obtaining of specific spectral curves was a difficult 
I»x)blem requiring time and training of a highly specialized type. With 
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the beginning of colored photography and colored motion pictures, the 
scientists interested were stimulated to develop equipment which could 
be depended upon to do the task quickly and accurately. Dr. Arthur 
C. Hardy developed a machine which determines the spectral curve 
and records the data. After the initial development, the General 
Electric Company adapted the fundamental principles to equipment 
which could be produced on a commercial basis. The rapid adoption 
of this equipment by the interested industries and the development of 
colored light sources seem to indicate that color has at last entered 
permanently into our daily lives. 

Figure 3-4 shows the spectral distribution of a colored paint re- 



flecting light. This color would be classified by various observers as 
either green, blue, bluish green, or greenish blue. This reflectance 
curve, when reproduced, signifies one color and one alone, a color which 
will match under every color of light to every observer. If this is true, 
it seems that it would only be necessary to have this type of record for 
specifying the colors and that the standard I.C.I. observer would not 
be needed. 

The observer is needed, however, so that a simplified method of 
color designation may be developed. It is seldom that a color must 
have a universal match. Three standard sources of light have been 
found and specified which are representative of all conditions normally 
met with in practice. These three sources are called: 
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Fig. 4-4. Relative spectral distribution of energy in I.C.I. illuminant A (incan- 
descent lamp) and illuminant C (average daylight). 

Standards 

X y . 

Source A 0.4476 0.4075 Tungsten lamp (2848“ K) (Fig. 4-4) 

Source B 0.3485 0.3518 Mean noon sunlight (4800“ K) 

Source C 0.3101 0.3163 Average daylight (6500“ K) (Fig. 4-4) 

and Fig. 4~4 shows the relative energy distribution of the sources A 
and C throughout the visible spectrum. It is possible to determine the 




Waire/ength /r? Mi/f im f crons 


Fig. ft-4- Tristimulus values for the color in Fig. 3-4 under illuminant C. 


relative response of the standard observer to a color by using a com- 
bination of a standard light source (Fig. 4-4), the reflectance data for 
the color (Fig. 3--4), and the reaction of the standard observer. 
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In the process, the curve of the standard illuminant is multiplied 
by the spectral reflectance curve of the color to determine the energy 
(distribution of the light reflected by the color (Fig. 5-4). The result- 
ant curve of energy distribution is in turn multiplied by the three 
sensitivity curves, x, g, z, creating three new curves (Fig. 6-4). These 
curves represent the effect the color has upon the stimulation of the 
nerve endings of a standard observer in the red, green, and blue re- 
gions, respectively. The color may be designated as Z » 16, F * 24, 
Z * 20, which is satisfactory for objective specification when assuming 
a standard illuminant C, but is meaningless in describing the color and 
does not utilize the vast amount of experimental data based upon 
brightness, hue, and saturation. 

Figure 7-4 shows the method of designation adopted by the I.C.I. 
for specifying the color as to its dominant hue, brightness, and purity. 
It is necessary to convert the values of X, F, and Z into trichro- 
matic coefficients by the conversion forms: 

X 

^“X + V-f-Z 

r 

^ “ X + V + z 
z 

*“z+r+z 

which in this particular instance give the values x « 0.261, y » 0.398, 
z » 0.341, and in every evaluation, a: + y -f z *= 1. The chromaticity 
diagram of Fig. 7-4 shows the color plotted at b and the illuminant at 
a. A line through a and b intersects the wavelength line at c, approxi- 
mately 513 m/i, and this designates the dominant hue. A complete 
specification from the diagram will be: 

Dominant color 513 m/J, 

Brightness 24% (F) column 10, Table IV-4 

Purity 17% ratio ab/ac 

This is a specification which correlates with the studies of the psychol- 
ogists 

Pbtchozx)gical OBJBcnyx Spbcificatiom 

Brilliance (value) Brightness 

Hue ^ Dominant wave' 

Saturation (chroma) Purity 

The curves of spectral distribution and these methods of color 
specification have been appearing in illumination literature since the 
advent of the fluorescent lamp and the development of infra-red dry- 
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ing. The process is one in which the energy distribution of the light, 
either in the source, through the transmitting media, or from the re- 
flected surface, is determined by some spectrophotometric means. 
The coefficients for the energy distribution are determined and the 



Fig. 7-4. Chromaticity diagram for the color Fig. 3-4 under illuminant A and 

illuminant C. 


curves plotted by the use of tables and computing machines according 
to a predetermined method which is accepted and prescribed as stand- 
ard. * 

Example a. Determine the color specifications for the spectral reflection 
curve given in Fig. 3-4 when the source is illuminant C. From Fig. 3-4, the 
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reflection factor p is obtained (assuming that the sample calculation will be 
at a wavelength of 500 mp (5000 Angstrom units). 

p « 0.380 direct reading from Fig, 3~4 

Under the first column in Table IV~4, the reflection factors for every 10 mp 
will be found. The next step requires that the reflection factor p be multi- 
plied by the relative energy of the source considered (Fig. 4-4, illuminant C), 

f>Ee » 0.380 X 112.10 « 42.5980 

which gives the relative energy from the reflecting color (Fig, 5-4). 

The relative energy reflected from the color is in turn multiplied by the 
three tristimulus values and 


fiEcf = 42.5980 X 0.0049 - 0.2087 
pE.y * 42.5980 X 0.3230 « 13.7592 
pEjt « 42.5980 X 0.2720 - 11.5867 

which will be the tristimulus values of the color. 

If the summation of the values for each 10 mp is ratioed to the stimulus 
of a reflecting surface having unity reflection (which will be 

Xt - 1042.53 
Yt - 1064.26 
« 1255.35 


obtained by adding the values of p£e£, pEcVt for the 10-mp intervals, 

the tristimulus values when the reflection factor p is unity), the resultant values 
will be 


X 

Y 

Z 


161.311 

1042.53 

251.111 

1064,26 

252.907 

1255.35 


0.1547 

0.2359 (Reflectance) 
0.2015 


This describes the color by the tristimulus values, which are meaningless 
to the practicing architect or engineer. These values may be converted into 
trichromatic coefficients by 


0.1547 

0.5921 


0.261 


0.2359 
^ ” 0.6921 


0.398 


0.2016 

0.6921 


0.341 


where the sum of x, p, and t will be unity. The values z and y may be 
located on the chromaticity diagram (Fig. 7-4). The illuminants A and C 
are also located on this diagram and from their coefficients which were pre- 
viously listed. When illumiiuited by illuminant C, the attributes of the color 

are: 
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Dominant wave 513 (ab interseeting wavelength curve) 

Brightness 24% (the Y value was 0.2359) 

Purity 17% (ratio ab/ac) 

Example 6. Determine the color specifications for the spectral reflection 
curve given in Fig. 3-4 when the source is illuminant A. 

This problem may be solved in the same manner as Example a and with 
the same degree of accuracy. By using ten selected ordinates as outlined by 
Hardy the following values will be obtained: 

X = 15.6 X « 0.357 

r - 20.7 y » 0.462 

Z-8.1 

which, by using the chromaticity diagram (Fig. 7-4), gives the following 
values: 

Dominant wave 506 m/u 

Brightness 21 % 

Purity 20% 

Comparing this with the result under illuminant C, the color may 
be interpreted under both average daylight and incandescent illumina- 
tion to show the relative effect that may be expected. 

It is not necessary for the architect and the engineer to produce 
these specifications, but it is becoming increasingly important for him 
to understand how the.se values and diagrams are obtained. When 
the use of I.C.I. color specifications becomes universal, it will be 
possible to specify colors and combinations of color and light with 
complete assurance of the desired end results. This method of color 
designation will be used in Chapter 6 in a study of the various illu- 
minants available. 

11. Summary. To the chemist, color may be reduced to a formula 
without any sensation having been introduced to the eye. To the 
physicist, the spectral curve supplies all the information necessary and 
may be regarded as a permanent record which, when duplicated, as- 
sures a match of sensation under any illumination to any observer. 
To the psychologist and physiologist, something more is needed, be- 
cause the human element and the response to sensation must be ac- 
counted for and interpreted. The tristimulus values for color insure 
the matching of color under identical lights or permit an interchange 
of like colors to be made. Froth these coeflBcients, the brightness 
change in the same colors is definitely represented. An objective anal- 
ysis is obtained by use of trichromatic coefficients, which may be in- 
terpreted in terms of sensation, and therefore this method enables 
several braachee of study to correlate results. 
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12. Shadow. Shadow, so important to recognition, cannot be 
examined objectively. It is important, however, and must be given 
serious consideration if good lighting results are to be secured. The 
proper use of shadows will lend character to statuary, monuments and 
interiors treated with relief or scroll work. A picture obtains much of 
its depth from the correct use of shadows. 

In the drafting room, shadow will interfere with the work and 
cause eyestrain; in the shop, where there are fast-moving machines, a 
harsh shadow means a point of danger and may be the cause of an 
accident. Where work is being done, the shadow should be soft and 
should never have sharply defined outlines. There should also be 
enough shadow to allow the recognition of form and details but not 
enough to hide moving machine parts. The more direct the light, the 
more pronounced the shadow. Semi-indirect and indirect light reduce 
and fade the shadow. In the home and places of leisure, shadow is 
restful and brings repose and comfort. 

Eye fatigue may be produced by shadow because of brightness 
contrast, because a dark shadow and a light area in the visual field 
will have definite contrast. The placement of lighting equipment in 
order to balance shadow and glare is essential. It is not infrequent 
that correction of one of these factors causes distress from the other. 
It is necessary to consider seriously the effect of shadow on merchan- 
dising counters and work places, such as switchboards and desks. 

In inspection work, it is sometimes necessary to develop a sharp 
shadow on the inspected object to disclose faults, but a shadow cast 
by the object itself might be very objectionable. Driving at night may 
require the reverse, for the shadow cast by an object is often the easiest 
way to detect its presence. The control of the brightness contrast in 
shadow and light can be used to good effect by the architect for dec- 
oration. In gaining these good effects, however, the architect often 
disregards the principles of good illumination. 
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CHAPTER 5 


DISTRffiUTION CURVES AND POINT-BY-POINT 
METHOD OF DETERMINING ILLUMINATION 

An understanding of photometric reports on equipment (issued by 
testing laboratories) will enable the architect and engineer to apply the 
correct equipment for obtaining the desired results. The distribution 
curve is an important photometric determination for the individual 
appl)dng illumination to industry and commerce. These curves, for 
specific equipment, may be either single curves or groups of curves, 
depending upon the nature of the equipment. 

Curves may be plotted to polar or rectangular coordinates and may 
be isocandle or isofoot-candle (isolux) curves, each having its special 
interpretation. In the past, curves have been plotted to polar coordi- 
nates but some of the advantages of the curve drawn to Cartesian coor- 
dinates may make this type more popular in the future. Figure 
shows several distribution curves for lighting equipment, with curves 
for one type of equipment in both systems of plotting. 

1. Photometric Nomenclature fqr Equipment Distribution Curves. 

The Committee on Nomenclature and Standards of the Illuminating 
Engineering Society has published a specific descriptive vocabulary to 
be applied to light distribution curves and the accepted practice in 
application. These terms should not be used indiscriminately if speci- 
fications are to be precise. 

Characteristic Curve, A characteristic curve is a curve expressing a 
relationship between two variable properties of a luminous source, such 
as candlepower and volts and candlepower and fuel consumption. 

Curve of Light Distribution, A curve of light distribution is a curve 
showing the variation of luminous intensity of a lamp or luminaire 
with the angle of emission. 

Curve of Horizontal Distribution, A curve of horizontal distribu- 
tion is a curve, usually polar, representing the luminous intensity of a 
lamp or luminaire at various angles of azimuth in the horizontal plane 
through the light center of the lamp. 

It is recommended that, for horizontal distribution curves, the rela- 
tive positions of parts of the equipment affecting the symmetry of 
distribution be indicated. 
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Curve of Vertical Distribution. A curve of vertical distribution is a 
curve, usually polar, representing the luminous intensity of a lamp or 
luminaire at various angles of elevation in a vertical plane passing 
through the light center of the lamp. 

Unless otherwise specified, a vertical distribution curve is assumed 



(a)- Direct 
Concentrat/ng 




(bh Direct (chSem/’-ai/rect 

Distr/buting 





Fio. 1-^. Typical distribution curves for illumination equipment; (g) distribution 
curve of figure (d) plotted to Cartesian coordinates. 

to be an average vertical distribution curve, such as may be obtained 
by rotating the unit about its axis and measuring the average intensity 
at different angles of elevation. 

Solid of Light Distribution. A solid of light distribution is a solid 
whose surface is such that the radius vector from the origin to the 
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surface in any direction is proportional to the luminous intensity of the 
light source in the same direction. 

Symmetrical Light Distribution, A symmetrical light distribution is 
one in which the curves of vertical distribution are substantially the 
same for all planes. 

Asymmetrical Light Distribution, An asymmetrical light distribu- 
tion is one in which the curves of vertical distribution are not the same 
for all planes. 

A study of the foregoing indicates that the most important distri- 
bution is that of the vertical plane. Figure 2-5 is the vertical distri- 
bution curve for a semi-indirect luminaire. 

2. Testing Specifications for Lighting Equipment.^* ® The testing 
specifications for lighting equipment may be divided into the testing 
of four types of equipment, namely: 

a. Diffusing enclosing glassware 

b. Semi-indirect and indirect luminaires 

c. Narrow-beam enclosing projectors 

d. Asymmetric show-window reflectors. 

A copy of the specifications should be in the possession of every ar- 
chitect or engineer for ready reference, because a knowledge of the 
methods used in determining the distribution curves and the meaning 
of the specific tests is essential to the development of reliable judg- 
ments in applying luminaires to the task or the room. 

The details of the selection of equipment, laboratory, method of 
test and reporting should be worked out according to the above specifi- 
cations; only the resultant curves and their use in making interpre- 
tations will be discussed. 

3. Diffusing Enclosing Glassware and Semi-Indirect and Indirect 
Luminaire Distribution Curves.^ ® The results of the test, though 
listed under two separate heads, are very much the same and the 
same interpretation applies to both. Figure 2-5 will be used as a typi- 
cal test curve. 

The curve itself is of little value unless it states clearly under what 
conditions the data were taken, and these conditions should be as near 
installation conditions as possible. If special conditions are specified 
by the manufacturer of the equipment in order to show high efficien- 
cies, a comparison of two sets of curves for comparable equipment 
will give a false rating to the competitive material. Either the 1. E. S. 
standards should be followed in every detail or the modification should 
be recorded by the laboratory making the tests if it is a reliable in- 
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stitution. To insure comparable tests, the rc'port should be marked, 
Tested According to L E. S. Standard Specifications. Insistence upon 
these requirements by all architects and engineers would soon eliminate 

Laboratory and Manufacturer’s Data 
Candlepower Distribution 
LAMP - Waffs; //S Vo/fs; 9800 Lumens; PS^O /ns/aft? 

Frost e of, Gos-F/7/eaf Su/b; C-7A Fi/amenf; Mogul Base; General 
Sery/ce . 

DESCRIPTION OF BOWL- Alabaster Glass. 
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Light Flux Values 
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Luminaire Brightness 
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Arrows Indicate Location and Angle or View 
LOCATIONS- ABCDEFGHIJKLM 


Cp. PER So. In.' as 0.5 /./ /.4 0.3 LZ /./ 1.3 0.5 1.3 


Fig. 2-5. Typical photoinetric report on a luttiinaire. 

inferior equipment from the market. Such elimination is favored by 
the manufacturers of the better grade of glassware and luminaires. 

A study of the output, which is determined from the distribution 
curve, is divided into three groups. 
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Zone (f'-6(f. This zone is the most effective in putting light upon 
the working surface when such a surface is in horizontal position. 

Zone This zone is the most effective for vertical lighting. 

Zone 6(f-85^. This zone may be considered the principal glare 
zone. In large offices that are relatively long and low, the region 
which may cause the most annoyance will be the 70®-80® zone. 

Zone 9(f-18(f The light emitted in this zone goes to the ceiling 
and upper wall surface where a portion is reflected back to the vertical 
and horizontal work or viewing surface. This portion is never very 
efficiently used, but control of the ceiling and side wall reflection factor 
will allow a maximum return. This light is very effective in shadow 
control. 

Any Zone Spread. Since the report gives the lumen output of the 
luminaires by 10-degree zones, it is possible to investigate any part of 
the distribution curve which may be of special interest in the problem 
under consideration. 

The general shape of the distribution curve is a rapid index to the 
expected distribution of the installation and the best probable mount- 
ing height. The individual candlepower readings are used in calcula- 
tions in the point-by-point method. Candlepower at 90® and lumens 
in the 0®-90® and 90®~180® zones are used in determining the utiliza- 
tion factor, important in the lumen method of calculation. Both of 
these methods will be considered later. 

Since the test is made on representative equipment of mean out- 
put, using 200-w. lamps, a question arises concerning the reliability 
of the test and what deviation may be expected in the delivered manu- 
factured product. The results of a test following the specifications 
give a fair indication of the distribution of the light output and the 
efficiency for the type of luminaire. The Committee reported that the 
general variation will not be more than 5 per cent above and 7 per 
cent below the value shown in the report. 

Lamp position and (in enclosing globes) the reflection factor of the 
fitter as well as the type of lamp will influence the efficiency. In 
making comparisons for the determination of choice of equipment, the 
architect and the engineer should make sure that all equipment in- 
vestigated by use of distribution curves and test data has been reduced 
to the same basis. In addition to the data which have been men- 
tioned, the appearance of the equipment is of major importance to the 
designer of interiors, especially where a specific atmosphere is sought. 
Probably the best test is the use of sample units, making a visual 
inspection for dark areas, spotty lighting, thin places in the glassware 
or plastic, and the ability to hide the lamp filament. 
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4. Brightness Data on the Photometric Report. In Chapter 3 the 
importance of brightness of lighting equipment and the resultant 
brightness contrast and glare were discussed. The effect of brightness 
directed toward the eye cannot be interpreted unless the conditions 
of use are thoroughly understood and the effect of mounting and dis- 
tance from the eye has been discussed. A reduction of brightness will 
reduce glare and will promote comfort in the use of the lighting sys- 
tem. Since these subjective factors have been discussed and the 
brightness readings have been reported, the purpose of making these 
readings will be considered. 

The Committee has listed fourteen important and descriptive read- 
ings of brightness necessary for the interpretation of the operation of a 
luminaire in a lighting installation. Some types of equipment will 
not have all of these measurements and the totally indirect unit will 




Fig. 3-6.* Points on the luminaire which are measured for brightness. 

not have a single point of luminaire brightness that is interesting; 
in indirect equipment the annoyance from glare may come from ceiling 
brightness or brightness contrast. The listing of these brightness 
points is from A to M (see Fig. 3-5). 

Point A. Read with the photometer pointed as nearly as 
possible tangent to the luminaire in the horizontal plane passing 
through the light source. Unit rotating. 

A is at right angles to B in making the readings. 

Point B. Read with the photometer pointed toward the light 
source in the horizontal plane as in A. Unit rotating. 

B is at right angles to A and F and at 46® to K, 

Point C, Read with the photometer pointed horizontally, bs 
nearly as possible tangent to the bottom of the luminaire. Unit 
rotating. 

Point D, Read at the brightest part of the upper third of the 
luminaire with the photometer pointed horizontsUly in a vertical 
plane through the luminaire axis. Unit rotating. 
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Point E. Read at the brightest spot visible when the globe is 
viewed in a direction approximately 45® from the nadir, with the 
photometer pointed at 45® from the nadir in a vertical plane 
through the luminaire axis. Unit stationary. 

E is at 45 degrees to both I and J. 

Point F. Read on the circumference, where the horizontal 
plane through the light source intersects the globe with the photom- 
eter pointed vertically along the luminaire axis, parallel to the 
luminaire axis. Unit rotating. 

F is at right angles to both B and G. 

Point G. Read with the photometer pointed vertically along 
the luminaire axis, offset if necessary, to avoid the opening in the 
globe. Unit rotating. 

G is at right angles to F. 

Point H. Read with the photometer pointed vertically, parallel 
to the luminaire axis and halfway between positions G and F. 
Unit rotating. 

Point /. Read toward the same point defined as F, with the 
photometer pointed horizontally, in the vertical plane through 
the luminaire axis. Unit stationary. 

Point I is read at 45® to E. 

Point J, Read toward the same point defined as E with the 
photometer pointed vertically, parallel to the luminaire axis. 
Unit stationary. 

Point J is read at 45® to E. 

Point K. Read toward a point midway between the center and 
circumference of the globe with the photometer pointed hori- 
zontally in the horizontal plane through the light center. The line 
of sight makes an angle of 45® with the normal to the globe at the 
same point. Unit rotating. 

Point K is read at 45® to B, 

Point L. Read toward the brightest spot visible below the 
plane of greatest diameter of the globe when the globe is viewed 
in a direction approximately 75® from the nadir with the photom- 
eter pointed at 75® from the nadir in a vertical plane through the 
luminaire axis. Unit stationary. 

This reading is important in large rooms, particularly if the 
ceiling is low. 

Point M. Read toward the brightest spot visible above the 
plane of greatest diameter of the globe when the globe is viewed 
in a direction approximately 75® from the nadir with the photom- 
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eter pointed at 75® from the nadir in a vertical plane through the 
luminaire axis. Unit stationary. 

This reading is important in large rooms, particularly if the 
ceiling is low. 

Point N. Maximum brightness above maximum diameter 
viewed at 80° from the nadir. 

In making the brightness readings, the area observed is confined 
to approximately 1 sq. in. and the brightness is reported in candle- 
power per square inch. A study of the brightness readings at these 
various angles will give some indication of the diffusing power of the 
luminaire. As stated in the outline, A and By C and ff, B and F are 
at right angles to each other; one normal toward the light source, the 
other at nearly grazing incidence, and 

brightness at grazing incidence 
brightness at normal incidence 

should be approximately 0.65 or of higher value, whereas 

brightness at 45° 

brightness at normal incidence 

should be approximately 0.8 or of higher value. 


6. The Point-By-Point Method of Calculating Illumination. This 
method of calculating illumination was one of the earliest developed, 
but it was later discarded for the lumen method because of increased 
simplicity. With the specification of a combination of units and down- 
lights in store installations, the point-by-point method has again 
gained in favor as it lends itself to these calculations. The method 
has always been in use wherever the direct component of light-pro- 
ducing illumination has been investigated. 

Computations by the point-by-point method depend upon the 
inverse square law which was discussed in Chapter 2. From the 
candlepower distribution curve of a reflector, the foot-candles at any 
point may be determined from the expressions: 


foot-candles = 


candlepower 

(distance)^ 


(P 


when the illumination is normal to the beam, or 

- , j, candlepower . ^ c-p. 

foot-candles * X cosine B * cos 6 

when the illumination on the horizontal plane is computed. Figure 
4~5a shows the quantities used in the above expressions, and Fig. 4-56 
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TABLE 

PoiNT-BY-PoiNT 
UPPER PIOURBS — ANGLE BE- 
LOWER FIGURES — FOOT-CANDLES ON A HORIZONTAL 



• For foot-camdlm on the veritoirl pUne by a source of 100 cnndlepower the horisontal distanes 
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TABLE 

POIN'T-BY-POINT 


UPPER FIGURES — ANGLE BB- 
LOWER FIGURES — FOOT-CANDLES ON A HORIZONTAL 


LK>Vel 

Feet 

80 

W 

15.625 

0^43^ 

15.616 

1®26' 

15.610 

06 Q< 

15.592 

2® 52' 
15.567 

3«35' 

15.534 

4® 17' 
15.494 

6°0' 

15.447 

6® 43' 
15.393 

6® 

15.345 

7® 

15.270 

15.186 

9® 

15.093 

9® 

15.036 

10® 

14.930 

11® 

14.817 

<S I 

is 

100 

0°Q' 

10.000 

0°34' 

9.999 

1° 9' 
9.994 

1° 43' 
9.987 

2® 17' 
9.976 

2® 52' 
9.963 

3® 26' 
9.946 

4®0' 

9.927 

4® 34' 
9.905 

5® 9' 
9.880 

5® 43' 
9.852 

6® 

9.826 

7® 

9.785 

7® 

9.761 

8® 

9.712 

9® 

9.660 

125 

0“0' 

6.400 

0“28' 

6.399 

0®55' 

6.398 

10 22' 
6.39) 

1® 50' 
6.390 

rir 

6.38) 

2® 45' 
6.378 

3® 12' 
6.370 

3® 40' 
6.36 

4® 7' 
6.351 

4® 34' 
6.339 

5® 2' 
6.326 

5° 29' 
6.313 

6® 

6.297 

6® 

6.286 

7® 

6.262 


150 

0®0' 

4.444 

0®23' 

4.444 

0®46' 

4.443 

1®9' 

4.442 

1° 32' 
4.440 

1° 55' 
4.437 

2® 17' 
4.434 

2® 40' 
4.430 

3® 2' 
4.421 

3® 26' 
4.416 

3® 49' 
4.415 

4® 11' 
4.409 

4® 34' 
4.402 

4® 57' 
4.395 

5® 20' 
4.387 

5® 43' 
4.379 

^ 0 

175 

0®0' 

3.265 

0°20' 

3.265 

0°39' 

3.265 

0® 59' 
3.264 

1° 19' 
3.263 

1°38' 

3.261 

1®58' 

3.260 

2® 17' 
3.2.58 

2® 37' 
3.255 

2® 57' 

; 3.252 

3® 16' 
3.249 

3® 36' 
3.246 

3® 55' 
3.242 

4® Ji' 
3.238 

4® 34' 
3.234 

1 4® 54' 

! 3.230 


200 

(FO' 

2.500 

0® 17' 

[ 2.500 

0®34' 

2.500 

0“52' 

2.499 

1®9' 

2.499 

1° 26' 
2.498 

1® 43' 
2.497 

2®0' 

2.495 

2® 17' 
2.494 

2® 35' 
2.492 

2® 52' 
2.490 

;i® 9' 
2.489 

3® 26' 
2.487 

3® 43' 
2.484 

3® 0' 
2.482 

4® 17' 
2.479 



Fig. 4-‘5. Point-by-point method of determining illumination on a horizontal sur- 
face. (a) Angle and distances considered, (b) Distribution curve of equipment and 
graph of foot-candles on the horizontal. 

shows a candlepower distribution curve with the corresponding graph 
of the foot-candle distribution on the horizontal plane. 

When specialized equipment is to be used and the amount of re- 
flected light from surrounding surfaces may be neglected, the reflector 
must be studied not only from the standpoint of efficiency and light 
control, but also from the standpoint of candlepower distribution. 
With such a curve it is possible to compute the illumination at any 
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I-5B 

Calculations * 


TWEEN LIGHT RAY AND VERTICAL. 

PLANE PRODUCED BY A SOURCE OP 100,000 CANDLEPOWER. 


IF" 

14.748 

12® 

14.623 

13® 

14.491 

13® 

14.412 

14® 

14.269 

15® 

14.031 

17® 

13.708 

18® 

13.441 

19® 

13.161 

21^ 

12.789 

2^ 

12.489 

23® 

12.182 

24* 

11.870 

mrm 

Bii 

29® 

10.492 

31® 

9.848 

33® 

9.212 

r 

9.630 



11® 

9.474 

11® 

9.439 

12® 

9.330 

14® 

9.175 

15® 

9.048 

16® 

8.914 

16® 

8.819 

18® 

8.627 

19® 

8.475 

mm 

22® 

7.993 

24® 

7.654 

26® 

7.305 

27® 

7.014 

pi 

8® 

6.223 

H 

9® 

6.178 

9® 

6.163 

BSi 

11® 

6.059 

Hi 

13® 

5.038 

14® 

5.872 

14® 

5.828 

15® 

5.756 

18® 

5.681 

18® 

5.521 

19® 

5.384 

21® 

5.207 


IS 

6® 

4.364 

7® 

4.349 

7® 

4.342 

8® 

4.324 


9^ 

4.280 

iir* 

4.249 

11® 

4.216 

11® 

4.195 

12® 

4.158 

13® 

4.119 

lEi 

pi 

16® 

3.934 

18® 

3.834 

19® 

3.751 

6® 13' 
3.225 

5® 33' 
3.220 

6® 

3.213 

m 

7® 

3.199 

7® 

3.191 

8® 

3.174 

8® 

3.164 

9® 

3.1*45 

10® 

3.124 

■Ea 

iuB 

jn 

12® 

3.064 


14® 

2.980 

F 

im 

17® 

2.869 

4® 34' 
2.476 

4® 52' 
2.473 

5® 9' 
2.470 

5® 26' 
2.468 

6® 43' 
2.463 

6® 

2.457 

7® 

2.446 

7® 

2.440 

8® 

2.428 

9® 

2.415 

9® 

2.408 

10® 

2.398 

10® 

2.385 

11® 

2.360 

12® 

2.332 

14® 

2.294 

15® 

2.262 


point from one or more units. The diameter of the light source must 
be not more than one-fifth the distance from the point to the source. 

Since the task of solving for the horizontal illumination is laborious, 
Table 1-5 may be used to reduce the labor necessary in determining 
isolux or isofoot-candle diagrams. The table is based on unit value 
(100 c-p.), and covers a wide range of mounting heights and horizontal 
distances. There is also included a table which is based on a unit 
value of 100,000 c-p. to be used for large equipment mounted high above 
the horizontal surface. 

Example a. Determine the horizontal illumination 8 ft. from a unit if the 
mounting height is 10 ft. and the intensity at this angle is 600 c-p. 

From Table 1-5: 

angle 39° 
foot-candles 0.476 

for each 100 c-p.; therefore, for 600 c-p. the illumination will be 
600 

^ X 0.476 = 2.86 ft-c. 

The following example gives the method for determining the isolux 
diagram of the specific equipment shown in Fig. 4-56. For uniform 
illumination along the line of symmetry of a group of units, the spac- 
ing should be such that the horizontal foot-candle curves cross at 50 
per cent of the maximum foot-candle value. 

Example 6. With the equipment mounted 5 ft, above the surface, a 
surface 8 ft. wide is to be lighted by a reflector having the distribution curve 
shown in Fig. 4-56. Determine the spacing and the isofoot-candle diagram. 

From Table 1-5 read the degrees and foot-candle factor. 

From Fig. 4-56 read the candlepower intensity at the angle determined 
from Table 1-5. 

By using the candlepower multiplied by 0.01, which is in turn multiplied 
by the foot-candle factor, the illumination on the horizontal and along the 
center line of the lamps is found. The listing below gives the foot-candles for 
the equipment considered. 
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Tabus Computed prom Table 1-5 and Fto. 4-65 


Distance (feet) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Degrees 

0 

11 

22 

31 

39 

45 

60 

54 

58 

61 

Factor 

4.000 

3.771 

3.202 

2.522 

1.904 1 

1.414 ] 

1.050 0.786 0.695 0.458 

Candlepower 

700 

720 

800 

880 

800 

650 

500 

430 

320 

280 

Foot-candles 

28 

27.1 

26.6 

22.2 

15.2 

9.2 

5.3 

3.4 

1.9 

1.3 




Fig. 5-5. (a) Horisontal foot-candles. (5) Isofoot-candle plot. 


Figure 5-5a shows the resultant foot-candle distribution along the center 
line of the table if the units are spaced on 8-ft. centers, crossing at approxi- 
mately the 60 per cent point. Figure ^55 shows the location of specific 
points on one-half of the table and the isofoot-candle lines on the other half. 

The points are obtained by adding the foot-candles which occur at the 
point from the various units. Since only two units are considered, these points 
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are at the intersection of concentric foot-candle circles from a point directly 
below two mounting points of the units. 

If the candlepower distribution curve is given for one size of lamp 
but another is to be used, it is usually sufficiently accurate to assume 
that the intensity is directly proportional to the lumen output of the 
lamps. This will not be exactly true if the light center is shifted when 
the lamps are interchanged. 

6. Using the Distribution Curve. The distribution curve does not 
represent the quantity of light that may be expected to be delivered 
from the equipment; it represents the candlepower and the various 
directions in one plane. The polar distribution curve is in one plane 



Fig. 6-5. Area of zones subtended by equal angles. 

which passes through the candlepower distribution solid, and the analy- 
sis of results is three-dimensional. Since most equipment has axial 
symmetry, only that type will be considered here and the asymmetrical 
equipment will be discussed later. 

Since one of the main uses of the distribution curve is the compar- 
ing of equipment for a given service, it is necessary to be able to an- 
alyze the total lumens delivered and the quantity delivered in each 
specific direction. Figure 6-5 shows a hemisphere with a cylinder 
circumscribed. Since the cylinder is a solid the quaptitive solution of 
which is familiar, it makes an easy guide for the determination of 
surface values on zone and sphere surfaces. The hemisphere has been 
divided into zones each subtending angles of 10*^. By inspection of 
the projected surface of the zones in the plane of Fig. 6-5, it will be 
seen that these zones do not represent equal areas and that the eacapa 
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of light from a source of uniform distribution would not be the same 
through each zone. Those zones subtending equal angles near the 
horizontal permit the greater part of the light to escape. The sur- 
faces of the zones and the hemisphere compare as follows: 

a. The area of the circumscribed cylinder, 

2Trr^ 

b. The area of the hemisphere, 

Ah, ^ 27rr2 

TABLE II-5A 

Zonal Factors for Determining Lumens for 5° 2k)NES 


Zone 

Candlepower Angle 

Lower 

Upper 

Lower 

Upper 

Lumen 

Hemisphere 

Hemisphere 

Hemisphere 

Hemisphere 

Constant 

0^-5° 

175°-180° 

2.5° 

177.5° 

0.0239 


170"-175° 

7.5° 

172.5° 

0.0715 



12.5° 

167.5° 

0.118 

15"-20" 

leo'-ies** 

17.5° 

162.5° 

0.165 

20“-25° 

155°-160° 

22.5° 

167.5° 

0.210 

25°-30° 


27.5° 

152.5° 

0.253 

30°~35® 

145M50® 

32.5° 

147.5° 

0.294 

35®-40® 


37.5° 

142.5° 

0.334 

40M5° 

135"-140'’ 

42.5° 

137.5° 

0.370 

45^-50" 

130°-135° 

47.5° 

132.5° 

0.404 

50‘»~55° 

125"-130° 

52.5° 

127.5° 

0.435 


120°-125‘^ 

57.5° 

122.5° 

0.462 


115"-120° 

62.5° 

117.5° 

0.486 


110‘’'115° 

67.5° 

* 112 5° 

0.506 

70‘^-76® 

105"-110° 

72.5° 

107.5° 

0.523 

75°-80" 

100°-105° 

77.5° 

102.5° 

0.535 


gs^-ioo® 

82.5° 

97.5° 

0.543 

85‘’~90‘’ 

90‘’-95‘' 

87.5° 

92.5° 

0.548 


c. The area of the zone, 

A^ ^ 2irrh 

The area of the sphere is the same as the area of the surface of the 
circumscribed cylinder with the same altitude. In trigometric terms, 
the area of the zone will be 

2irr^ (cos a 2 - cos aO 

The functions of the angles will be found in the Appendix and in Tables 
II-5A and II~5B the zonal factors for the 5® and 10® zones are given 
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for convenience. The average candlepower of the zone must be multi- 
plied by these factors to obtain the lumens represented by the zone. 
An inspection of the zonal factors shows that the effectiveness of trans- 
mission of flux is approximately as follows: 

0^- 45° 15 % 

45°-135° 70% 

135°-180° 15 % 

The 45°-135° region is the most important in the equipment for con- 
trolling the efficiency. 

Another way of determining the flux in any zone or group of zones 
is to use the candlepower scale of the distribution curve. If, in any 10° 

TABLE II-5B 

Zonal Factors for Determining Lumens for 10® Zones 


2k)ne 

Candlepower Angle 

Lower 

Upper 

Lower 

Upper 

Lumen 

Hemisphere 

Hemisphere 

Hemisphere 

Hemisphere 

Constant 

0®-10® 

170®-180® 

5® 

175® 

0.0954 

10''-20° 

160®-170® 

15® 

165® 

0.283 

20®-30® 

150®-160® 

25® 

155® 

0.463 


140°-150® 

35® 

145® 

0.628 

40°-50® 

o 

o 

o 

45® 

135® 

0.774 

50®-60® 

O 

o 

o 

55® 

125® 

0.897 

60®-70® 

110®-120° 

65® 

115® 

0.992 

70®-80® 

100®-110® 

75® 

105® 

1.058 

80®-90® 

90®-100® 

85® 

95® 

1.091 


zone, a measurement of the horizontal distance between the vertical 
axis and the point where the candlepower curve crosses the center of 
that zone is increased by 10 per cent and multiplied by the candle- 
power scale, the result will be the lumens in that zone. If several 
zones are considered, the sum of the individual horizontal distances is 
increased by 10 per cent and multiplied by the scale. This method 
is accurate within 0.2 of 1 per cent, neglecting the possible error of 
measurement. 

Example c. Using the method of measuring horizontal distances from 
Fig. 2-5, determine the lumens in the 9Q®-120° zone. (1) Determine the value 
by one measurement; (2) by measurements of 10° zones; (3) check by the use 
of zonal factors. 

The scale is 400 c-p. to 43 units. 

By measurements: 
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Angle 

Units 

Candlepower 





95° 

49 

456 





105® 

101 

980 





115® 

113 

1170 






(Unite +10%) 





Units X 

scale - 

Candle- 



Angle 

Units 

+ 10% 

lumens 

power 

Factor 

Lumens 

95® 

49 

53.9 

503 

456 

1.0911 

497.5 

105® 

101 

111.0 

1032 

980 

1.0579 

1036.7 

115® 

113 

124.3 

1158 

1170 

0.9926 

1161.1 


263 


2693 



2695.3 


263 X 1.1 X — - 2692 1. 

43 

(1) By one measurement 

at 105® 1032 1. 

(2) By 10® zones (individual) 2693 
(summation) 2692 

(3) By zonal factors 2695 

From report (Fig. 2-5) 2708 

By considering the zone sub- 
tended by 30*^, the result given 
under (1) as 1032 is far from cor- 
rect. "I^ere the curve is changing 
rapidly, the size of the zones should 
be limited. 

Figure 7-5 shows two distri- 
bution curves having the same 
total lumens of light. The dif- 
ference in the curves also shows 
that the area of the distribution 
curve is very misleading in es- 
timating the output from equip- 
ment. 

7. Theoretical Distribution Curves.^ Many of the luminaires have 
distribution curves which approximate theoretical curves, but the 
most important consideration of the theoretical curve is its effective 
illumination upon the work surface. The inverse square law has been so 
thoroughly stressed that many attempt to analyze all lighting installa- 
tions by this law. There are four cases of particular interest: 

I. Uniform distribution 

II. Cosine distribution 

III. Sine distribution 

IV. Large surface sources 
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Case I concerns the light from a point source in which the distribu- 
tion is uniform as shown in Fig. 8-5a. A distribution of this type will 
be obtained from a completely enclosing spherical globe which gives 
a uniform illumination at a fixed distance in every direction. For this 
type of equipment 

h *= 7m 
F = Mm 



where d is distance. 

The illumination at any point is inversely proportional to the square 
of the distance of the point from the source. Since the distance is 



Fig. 8-5. Theoretical distribution curves. 


usually more than five times the diameter of the source, this expres- 
sion is found to be satisfactory in a general discussion. 

Case II is illustrated by Fig. 8-56 which shows the distribution 
curve representing the cosine law. Normally direct lighting equip- 
ment follows this law. For example, the curve of an RLM reflector 
(Reflector and Lamp Manufacturers specification) is very much like 
that of Fig. 8-56. For this type of equipment 

1$ Im COS B 


F 

E 


irim 

^ M 

(P" cP 


where Q is the total quantity of light, brightness times area, and d 
is the distance to the edge of the disc, not normal to the equipment 
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as in the first case. It will be well to compare the distributions of Case 
I and Case II equipment (one unit radius and concentrated). 

Assume that we have two points at distances of 1 and 5 units, 
respectively, from each of two sources. The first source will have uni- 
form distribution (Case I); the other will have cosine distribution 
(Case II). The illumination directly under the source will bo: 

Case I. By the square law, the illumination at 1 unit will be 25 
times more than at 5 units. 

Case IL In the second case the illumination will be as 26 to 2, or 
13 times more at 1 unit than at 5 units, for a disc with unit radius. 

This difference of analysis may enter into measurements from any 
diffusing surface if the area is large and the measurements are made 
near the surface. If the source is small, the inverse square law is 
sufficiently accurate. 

Case III. Figure 8- 5c shows the sine type of distribution. This 
law applies as a close approximation to the actual distribution of 
cylindrical tubes that are being used as sources and in which the diam- 
eters are small compared to the length. For this type of distribution 

1$ * Im sin 6 

F = vHm, per unit length 

F 

2d 2d 

or the illumination varies inversely as the distance to the point. The 
square law in this instance is not even a crude approximation. 

Case IV. Figure 8-5d represents the condition of an infinite plane 
source radiating light to a parallel plane. Skylights and indirect 
lighting installations approximate this case, for in each instance the 
source of light is very large and the surface approximates one of per- 
fect diffusion. The illumination on a parallel plane from an infinite 
source is 

E ^ tB 

where B is the source brightness. With lighting of this type, the 
illumination is independent of the distance between the point and the 
source. This explains the lack of importance of ceiling height in in- 
direct illumination. 

8. Projector and Open Types of Floodlights.^ Figure 9-5 gives a 
typical report for a specified test on a floodlight projector. The in- 
formation given is self-explanatory and the use of the embodied in- 
formation will be discussed in the following articles. 
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Fig. 9-5.’ Typical photometric report on a floodlight. 
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The specifications in “ Testing Procedure for Narrow Beam In- 
closed Projectors of the Illuminating Engineering Society (1935) are 
equally applicable to open- and broad-beam equipment. The National 
Electrical Manufacturers Association, through its committees, has ex- 
panded these specifications to include the latter two types of equip- 
ment. The data obtained from the isocandle curves and the average 
lumen distribviion diagram are the bases for the determination of the 




Fiq. 10-6. BluminatioQ of a surface by a floodlight, (o) General layout. (6) Ver- 
tical angles, (c) Horizontal angles. 

effective lumens available from the unit studied in relationship to its 
directional distance from the surface to be lighted. The same proce- 
dure applies whether the surface is horizontal or vertical, and it will be 
outlined in detail in the solution of an example based upon the data 
given in Fig. &-5. 

9. A Method for Determining die Effective Lumens Available from 
One Floodlight Dnit The use of this method leads to a solution for 
the unit as a whole (average illumination) and does not enter into the 
details of specific illumination at a point. Though the method is 



A METHOD FOR DETERMINING EFFECTIVE LUMENS 111 


applicable to any unit, it is most effectively used with the open-type 
equipment in which the light is widely dispersed and the utilization 
factor is low. This method is of special value when the entire beam 
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Fio. U-5. Nomographic chart for vertical angles. 

does not fall on the area involved and the effectiveness of part of the 
output of the floodlight must be determined. 

By determining the vertical and horizontal angles to the points 
which will outline the area, it is possible to plot the surface on the 
luwm distribntian diagram in such a manner that the lumens inside 
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the area may be determined. These lumens, divided by the area, will 
give the average illumination to be expected. By trying several tilting 
angles and several locations of the floodlight, it is possible to determine 
both the angle and position which will give the best utilization factor 
and greatest intensity. Tilting the beam shifts the entire diagram of 
the area the required number of degrees up or down on the lumen 
distributton diagram y whereas relocation of the floodlight mounting re- 
quires the relocation of the outline points on the diagram. 


Example d. Using the data in Fig. 9-5 and those tabulated below, deter- 
mine the lumens that are effective on the surface from a floodlight located 
20 ft. from the side. The position of the equipment with respect to the cen- 
ter line of the surface is shown in Fig. 10-5. 

FM = NL = 50 ft. 50 * X = 90 ft. 

5R « D « 60 ft. FN = ML ^ 70 ft. 

OL^ Hr ^20 ft. ON ^ Hi ^ 30 ft. 

Every point on the periphery of the surface will be located by a vertical 
and a horizontal angle (see angle B, Fig. 10-5c); for instance, point N is 
located by the vertical angle Ay which is given by 

X 

tan ^ (general angle B) 

determined from computation and the table of angular functions in the 
Appendix or from the nomograph in Fig. 11-5. The horizontal angle will be 
angle B, which is given by 

tan B = — - (general angle a) 

determined from computation and the table of angular functions in the Appendix 
or from the nomograph in Fig. 12-5. 

Applying these expressions, the value for 

90 

tan A « ^ = 1.500 
ou 

A « 56.5® and cos A » 0.552 


tan B 
B 


30 X 0.552 
60 


15.5® 


0.276 


By using this procedure the vertical and horizontal angles are detennined for the 
points at the four corners and on the zero line of the beam axis and four more 
points are needed to locate definitely the outline of the surface. By either the 
nomographs or computations, the values obtained may be listed as: 
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Fio. 12-5. Nomographic chart for horizontal angles. 


-Lafercr/ O/sfarrrce //? ^eef 



114 


DISTRIBUTION CURVES 


Location of Points on Lumbn Distkibution Diagram 
Fio. ia-5. 


Piottixig 


Vertical Angles | Horizontal Angle I Plotting 


I f 

pk s 



10 down 



24.0® left 


The points for which vertical and horizontal angles have been listed 
in the tabulation are plotted on the lumen distribution diagram as 
shown in Fig. 13~5. The closed area included between the lines drawn 
through the points will represent the right and left distribution of light 
from the floodlight. A summation of the lumens within this area will 
give the effective lumens from the unit. The following table lists the 
summation of the whole squares and the proportional part of squares 
within the area. 


Horizontal 

Zone 


Vertical 

Zone 



0® 

+4® 

+8® 

+12® 

+16® 

0® 

-4® 
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+4® 

+8® 

+12® 

+16® 

+20® 

-4® 

-8® 

-12® 

-16® 
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69 
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290 

148 

80 

35 

12®-16® 

110 

84 

12 




164 
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28 

ld®-20® 
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Field to Left of Unit 



OM" 

550 

415 

225 

110 

38 

498 

461 

226 

116 

45 


4®-8“ 

467 

357 

190 

96 

35 

425 

397 

197 

102 

41 

Vertical 


323 

247 

138 

75 

29 

307 

290 

148 

80 

35 

Zone 

12°-16® 

175 

139 

83 

51 


176 

165 

91 

57 

28 


16^-20** 

81 

66 

28 

10 


84 

78 

53 

39 



20‘‘~24° 

13 

0 




22 

33 

24 




Summation of above lumens 


15,326 







Fio. 13-5. Lumen distribution dia^am for a floodlight with the surface repre- 

Qiented upon it. 

These lumens are effective and are included in the scjuares outlined 
by the dotted lines on Fig. 13“5. The amount of the lumens in the 
squares is approximately the same as the effective lumens within the 
isocandle line which marks the 10 per cent of the lAaximum candles. 
The exact number of lumens within the isocandle line could be ob- 
tained, or the surface could be located on the total lumen distribution 
diagram of Fig. 13-5 (which also includes the spill light). Dividing 
the lumens by the area 
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Til 4^1 

iso'x 70 “ 

the average illumination on the surface. This does not, however, indi- 
cate the character of the light distribution. The foregoing method 
permits a rapid analysis of equipment, location, and adjustments in 
order to obtain the best utilization factor and intensity. If the area 
involves several floodlights, it is only necessary to add together the 
outputs of similarly located units plus the outputs of those units which 
need special treatment. 

To control the uniform distribution of illumination, it is necessary 
to have enough units to give the required intensity. The intensity of 
the area covered by these units should be uniform. For the open type 
of floodlight unit, the spacing of the units should not be over one and 
one-half the mounting height, that is, when the mounting height is 
adjusted to cover in the direction of the vertical angle. 

In Example d, the assumption Avas made that the floodlight was 
pointed directly across the area and that the angles gi and g 2 were 
equal. It was also assumed that the area was a regular polygon. This 
is not necessary, for any surface and any direction for the beam axis 
of the floodlight may be assumed. When a problem not conforming to 
symmetry is confronted, it is necessary to determine a large number 
of points, but the general method is the same. 

The foregoing method is used only to determine the average il- 
lumination, and when it is necessary to know the illumination at 
specific points, the point-by-point method will be found satisfactory. 
If isolux plots are desired, however, the point-by-point method be- 
comes extremely laborious^ therefore, the method of plotting (foot- 
candle) recommended by the Sub-Committee of the National Electrical 
Manufacturers Association (1934) is satisfactory. That method is be- 
yond the scope of this book. 

10. Asymmetric Reflectors.^ The most important information 
concerning a83anmetrical equipment, like that of floodlighting equip- 
ment, is not the distribution curve but the lumen distribution dia- 
gram. Also as in floodlighting equipment, the lumen distribution 
diagram should be obtained from reliable tests, either through the 
manufacturer or through individually arranged tests. Though the 
specifications are primarily written for show-window reflectors and so 
specified by the Illuminating Engineering Society, the test method can 
be used for finding the average illumination and distribution of il- 
lumination of other asymmetric sources or prismatic plates. The 
resultant illumination may be found over the area of any restricted 
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horizontal or vertical surface. The Illuminating Engineering Society 
Report gives the vertical and horizontal angles to be used with the 
lumen factors for different areas in the diagram. 
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Fia, 14-5.^ Typical photometric report for asymmetric reflectors. 


Figure 14-5 shows a photometric report for a show-window re- 
flector which is asymmetrical in its light distribution. The unit will, 
however, have light symmetry but with respect to a plane rather than 
an axis. This report is not convenient for the average user, because 
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it concerns only one of the diversified uses of this type of equipment. 
It gives a general description of the behavior of the unit, but only by 
very tedious calculations could the actual illumination in a show win- 
dow be determined. Lumen distribution diagrams are very much more 
convenient and accurate and, if based on ratios of mounting height 
and depth, they are flexible and may be used for any application. 

Figure 15~5 shows the horizontal and vertical lumen distribution 
diagram of an asymmetrical unit. The floor and back wall surface of 
a show window are plotted on this same diagram in order to determine 



Fig. 16-5.^ Information from Fig. 15-5 shown in the horizontal and vertical plane 

of the show window. 


the average foct-candles on the floor and back wall. The following 
example will clearly demonstrate one use to which the lumen distribu- 
tion diagram may be put. 


Example e. Determine the average illumination on the floor and back 
wall of a show window 16 ft. long, 10 ft. deep, and 8 ft. high if the unit is 
located 4 ft. from the right end of the show window. 

Plot the floor and back wall surface on the lumen diagram (as in Example 
d). Since the mounting height is 8 ft. and the depth is 10 ft. the arbitrary 
scale may be converted into feet, drawing another diag^ as in Fig. 10-5. 
A more simple method, however, is to convert the mounting height and depth 
into unite on the arbitrary scale. 


Fig. 15-5a 
Right side 
Left side 
Depth 


Horizontal Distribution 
4 ft. or 2.5 units 
12 ft. or 7.5 units 
10 ft. or 6.25 units 
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Fig. 15-56 
Right side 
Left side 
Mounting 


Vertical Distribution 
4 ft. or 2 units 
12 ft. or 6 units 
8 ft. or 4 units 


Plot these areas in their respective lumen distribution diagrams, and the 
lumens in each area will be the total lumens on the surface considered. This, 
divided by the square feet, will give the average illumination. 


Location 


Area 


Lumens 


Left floor 10 X 12 = 120 sq. ft. 808.9 

Right floor 10 X 4 = 40 sq. ft. 557.5 

Left wall 12 X 8 = 96 sq. ft. 125.9 

Right wall 4 X 8 = 32 sq. ft. 71.2 


Illumination, floor: 


1366.4 

160 


8.54 ft-c. 


Illumination, back wall: 


197.1 

128 


= 1.54 ft-c. 


The calculations in the example have been for one light only. If 
there is a single row or if there are several rows of light units, it is 
necessary only to determine the lumens for each unit and add them 
together; however, in this summation care must be taken to distin- 
guish between the plane of symmetry of the reflector and the center 
line of the window (because these have a different relationship to each 
other in the calculation for each reflector). 

Approximate values for the total number of lumens or the average 
illumination may be obtained by multiplying the contribution of a 
single unit (placed 25 per cent of the distance from the end) by the 
number of units in the show window. This method includes only the 
incident light and does not take into account the return from the win- 
dow or the interreflection between the back wall, the floor, and the 
ends. This interreflection tends to increase the illumination. For the 
determination of average conditions of illumination depreciation must 
be considered. 


11, Summary. The distribution curve for symmetrical equipment 
gives the necessary data for equipment analysis, but for floodlights 
and asymmetric equipment more information can be obtained from 
the lumen distribution diagram. The distribution curves and the 
lumen distribution diagrams are of special use wherever the unit can 
be considered a point source or where only a portion of the light from 
the unit falls upon the surface under .consideration. Those specifying 
lighting installations are finding it increasingly important to be able to 
specify, with reasonable accuracy, various types of specialized light 
which may be analyzed by the methods given in this chapter. 
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PROBLEMS 

1 . Solve by the point-by-point method and check with tables the horizontal 
and vertical illumination at a point 12 ft. from the unit shown in Fig. 2-5 when 
it is mounted 8 ft. above the horizontal plane containing the point. 

2 . Make an isofoot-candle plot for the surface in Example 6 if the equipment 
in Fig. 2-5 replaces that of Fig. 4-5. 

3 . The equipment in Fig. 4-5 was equipped with a 200-w. lamp having an 
output of 3700 lumens when the distribution curve was taken. Determine the 
efficiency of the luminaire from the curve given. 

4 . Determine the efficiency for the luminaire reported in Fig. 2-5 if a 200-w. 
lamp having an output of 3700 lumens is used instead of the 500-w. lamp. 

6 . Using the method of mejisured distances, determine the lumens in the 
45- to 90-degroe zone from the distribution curve given in Fig. 4-5. Check the 
results by using zonal factors. 

6 . Determine the lumen output, the candlepower, the horizontal and normal 
illumination for a point source of light with a maximum intensity of 1000 c-p. 
for a point 8 ft. below the source and located 14 ft. from a point directly below 
the source. 

7 . The source in problem 6 is replaced by one which obeys Lambert’s Law. 
Determine the candlepower, lumen output, the normal and horizontal illumi- 
nation. The maximum intensity is 1000 c-p. 

8 . The source in problem 0 is replaced by a tubular source with a maximum 
intensity of 1000 c-p. Determine the candlepower, lumen output, normal and 
horizontal illumination. 

9. The ceiling in a very large room has a brightness of 250 ft-L. What will V)e 
the illumination at the center of the room if the ceiling height is (a) 10 ft., (b) 20 
ft.? 

10 . Using the data of Example d, determine the lumens that are effective on 
the surface if the distance Z is increased 20 per cent by tilting the floodlight. 

11 . Using the data of Fig. 9-5, determine the average illumination on a surface 
20 ft. by 20 ft. which is normal to the beam and 100 ft. distant. How many 
lumens will fall on the center four square feet of the sign? 

12 . Using the data given for the show-window equipment in Fig. 14-5 and Fig. 
15-5, determine the average illumination on the (o) back wall, (b) floor, for a 
window 8 ft. long and 7 ft. deep with the unit mounted at the center of the 
window and 7 ft. from the floor, 
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CHAPTER 6 


ELECTRICAL INCANDESCENT AND GASEOUS 
VAPOR-LIGHT SOURCES 

The history of the development of the incandescent lamp has been 
one of constantly increasing efficiency. The recent development of 
gaseous lamps of high efficiency came at a time when apparently in- 
surmountable difficulties threatened further progress. The history of 
electrical lighting did not begin with Thomas Edison (1879) and Peter 
Cooper Hewitt (1901), but years before in the physical laboratories. 
These two inventors do, however, mark the beginning of the use of 
electrical energy for incandescent and vapor-light sources. The ability 
to create a vacuum economically was the foundation for this epoch in 
lighting, and the sources in use today are only modifications and de- 
velopments of the early ones. 

The first lamp developed by Edison produced light at the rate of 
1,4 1. per w. (power unit) input to the lamp; today the large incan- 
descent lamps produce 20 1, per w., and special gaseous light sources 
produce 80 1. per w. The mechanical equivalent for light is given as 
621 1. per w. (with the wavelength of light at 555 m^) which, even 
when using the best incandescent electrical source (20 1. per w.), 
definitely marks the production of visible radiation as very inefficient. 
A firefly produces radiant energy with an efficiency of approximately 
98 per cent; this greatly surpasses our most efficient sources. The 
production of artificial light offers a broad field for development, and 
cold light (as produced by the firefly) has for years attracted the efforts 
and attentions of many scientists. 

1. Lamp Efficiency. In all branches of engineering, the term 
“ efficiency ” in its correct interpretation is a ratio of energy, though it is 
most frequently expressed as a ratio of power, because the time is 
the same for the output as for the input. The power output in ratio 
with the power input, expressed as 

output 

fl * 7 ” 

mput 

is universal in engineering. The term has been used rather loosely 
in illumination, and there are two definitions in use, depending on 
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whether the term is used by those applying principles or those in- 
vestigating fundamentals. 

Luminous efficiency is the ratio of the luminous flux to the radiant 
flux, 

luminous n 

0 

which is expressed in lumens per watt of radiant flux. 

Light source efficiency for electrical sources of light is the ratio 
of the total luminous flux to the total power consumed, or 

F 

^ watts 

which is expressed in lumens per watt. This, however, is a definition of 
effectivenesSf not efficiency, and probably the proper designation should 
be efficacy, leaving lamp efficiency as the ratio of the energy effective 
in the luminous region to the total energy radiated by the source. 

2. Development of Lighting Sources and Practical Analysis. The 

chief interest in the early electrical light sources was to obtain an 
efficient light generator. The history of the incandescent lamp shows 
a steady increase in light output for a fixed amount of power input. 
During this period of development the research of the illuminating 
engineer was confined to the visible spectrum. Because of the sensi- 
tivity of the eye, (d) in Fig. 1-6, in the visible region of the spectrum, 
developments in the incandescent lamp were stimulated (di), and they 
are now supplemented by various gaseous sources. Recent demands 
in both the ultraviolet and near infra-red bands have influenced the 
type of thinking that must be applied to the evaluation of radiant 
sources. 

Figure 1-6 shows the factors that must be considered by individ- 
uals specializing in the specification of sources of radiation. All the 
lamps are classified as illumination sources, though many of the spe- 
cialized sources do not fall within the region generally known as the 
light region. The color-matching region (c) must be duplicated by 
artificial light if this task is to be performed anywhere outside of 
properly located and timed daylight exposure. The daylight fluo- 
rescent lamp (ci) is the answer to this problem. The ultra-violet 
region must be supplied for two purposes: erythemal (6), and germi- 
cidal (o), and it is supplied by the radiation from sunlamps (6i), and 
sterilizing lamps (ai). The most recent lamp application is to indus- 
trial drying, using electrical lamp radiation sources. The heat pene- 
tration (e) is supplied by infra-red, CX-250-w., and 250-w. drying 
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lamps. This development promises to become one of the important 
industrial developments in the use of lamps. Its wide use will demand 
attention in both knowledge and vocabulary from lighting salesmen and 
illuminating engineers. 

As it is necessary to expand the present knowledge to include the 
radiant spectrum, it is equally necessary to understand a method of 
measuring the effectiveness of the newer electrical radiating sources. 
This is particularly true if there is color in the source, because the ef- 
fectiveness will be modified by passing through color media and re- 
flections from colored reflectors. By combining the eye sensitivity 
(Fig. l-6d) with the relative output of the source, the luminosity curve 
is obtained; this states graphically the effectiveness of the light for 



Fia. 2-6.“* Luminosity curve for daylight fluorescent lamps. 

use by the eye, at every wavelength. A luminosity curve is a curve 
showing the luminous flux per element of wavelength as a function 
of wavelength. It gives, wavelength by wavelength, the product of the 
radiant flux and the visibility. Figure 2~6 shows the luminosity curve 
for the daylight fluorescent lamp. 

The new concepts of light sources, like those of the early discoveries 
in lighting, can be, and have been, distorted by commercially influenced 
reports. It is possible to plot the luminosity curve in such a way as to 
present equipment at an unfair advantage as was possible with the 
candlepower distribution curve already discussed (page 106). 

The shape of the luminosity curve is partially dependent upon the 
width (in wavelength) of the region in which the relative energy meas- 
urements are made. If a source has pronounced lines and is not a 
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continuous spectrum, the slit opening used in making measurements is 
very important. A knowledge of the method of making measurements 
of radiant energy is necessary for correctly interpreting the readings. 

TABLE I-e 

Color Tsmprrature op Some Illuminants 


Illuminant 


Color 

Temperature 


Illuminant 


Color 

Temperature " 
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Wavelength /n Mit/im/crons 



Fia. 4-6. (a) Candlepower distribution 
curve for an incandescent lamp. (6) Spec- 
tral energy distribution for incandescent 
lamps, (c) Characteristics of incandes- 
cent lamps. 


spectrum, the maximum rate of 
emission of radiant energy which 
it is possible to obtain as a result 
of thermal temperature alone. It 
is a black body in the sense that it 
will absorb completely all radiation 
incident upon it. 

The color temperature of a 
lamp is the temperature at which 
the black body must be operated 
to produce a color matching that 
of the source in question. Color 
temperatures are measured from 
absolute zero (-273° C), and rep- 
resentative daylight (I.C.I. illumi- 
nant C) is at 6500° K. Table 1-6 
lists the color temperature of the 
sources interesting to the illumi- 
nating engineer. The color tem- 
perature is an index number which 
is, for practical purposes, a coef- 
ficient representing the informa- 
tion available from a luminosity 
curve. 

Figure 3~6a shows the distribu- 
tion of relative energy in the visible 
region, and Fig. 3-66 shows the 
chromaticity of the I.C.I. illumi- 
nants and the locus of radiation 
from a black body. Tests on 
barrier-layer cells and color-correc- 
tion filters are specified and de- 
scribed in color temperatures. 

L Incandescent Lamps. 

The general service type of incan- 
descent lamp is the most widely 
used lamp in industrial and com- 
mercial illumination. Figure 4-6 
shows the candlepower distribution 
curve and the spectral energy 
curves of the most common type 
of lamp. The type of filament 
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and the output in lumens per watt influence the shape of the 
curves. 

The lamps are sold in voltage ratings of 110, 115 and 120 v., and 
lamps having the correct voltage rating should be chosen, for the 
lumen output varies exponentially with respect to the voltage. Table 
II~6 shows the effect of voltage variation upon the operating charac- 
teristics of the lamp. Though there are lamps made for high voltage 

TABLE IM 

Typical Performance of Large Incandescent Lamps Burned Below 
Rated Voltage 


120-Volt 
Lamps 
Operated 
at (Volts) 

% of 
Normal 
Voltage 

%of 

Nomial 

Light 

Output 

% of 

Normal 

Watts 

%of 

Normal 

Efficiency 

120 

100.0 

100.0 

100.0 

100.0 

119 

99.2 

97.3 

98.8 

98.2 

118 

98.3 

94.4 

97.4 

96.9 

117 

97.5 

91.8 

96.1 

95.4 

116 

96.7 

89.2 

95.0 

93.8 

115 

95.8 

86.4 

93.6 

92.3 

114 1 

95.0 

84.0 

92.4 

90.8 

113 

94.2 

81.5 

91.2 

89.4 

112 

93.3 

78.0 

89.8 

87.7 

111 

92.5 

76.6 

88.7 

86.2 

no 

91.7 

74.1 

87.5 

84.8 

108 

90.0 

69.5 

85.0 

81.7 

106 

88.3 

65.0 

82.5 

79.4 

104 

86.7 

60.8 

80.3 

75.8 

102 

85.0 

56.6 

77.9 

72.8 

100 

83.3 

52.0 

75.5 

69.7 


service, voltages higher than those given above should be avoided. 
There are many special service lamps, and the manufacturers^ sched- 
ules give information as to base, filament, voltage, and service. The 
lumen output of the lamps is also given in these schedules, but the 
output changes with every development in efficiency," therefore, except 
for estimating purposes. Tables and III-GJ? should not be 

used without checking the latest reports from the manufacturers. 

Figure 5--6 shows the parts of the lamps and the various standard 
shapes in which they are manufactured. Lamps are designated by 
shape and size; for example, PS--35 means that the bulb is pear- 
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shaped and is 35 units in diameter. The unit of size measurement is 
of an inch (a 35 lamp measuring 4^ inches). 

TABLE III-6A" 

Lumen Output of Various 
Lamp Types and Sizes 


General Service Lamps 
At Rated Voltage (Inside frost) 
(March, 1941) 



Volts 

Watts 


220 

110-120 


240 

Daylight 


Lumens 

6 

38 




79 



15 

150 



25 

270 

215 


• 40 

465 



50 

660 

480 


60 

835 


540 

75 

1,100 



100 

1,650 

1,250 

1,050 

150 

2,600 


1,700 

200 


2,950 


300 


4,850 


500 


8,750 

6,500 

750 


13,500 


1000 


19,500 


1500 





* Not manufactured with inside froet. 


The names of the different sized bases are: 

Screw Bipost 

Miniature Medium 

Candelabra Mogul 

Intermediate 
Medium (average lamp) 

Mogul (large lamp) 

The filament is made from tungsten wire coiled in the form of a 
helical spring; however, in the new coil-coil filaments, the helical 
spring is coiled the second time. The lead-in wires conduct the current 
from the base to the filament. The filament is supported in position 
by one of several different types of supports. Particular attention 
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should be given to the manufacturers' instructions as to the portion 
of the base while the lamp is burning; for in certain types of lamps the 

TABLE 

Lumen Output of 
Lamps for Miscellaneous 
Service 
(March, 1941) 


Watts 

Hours 

Lumens 

6 

1,500 

38 

10 

1,500 

79 

30 

500 

340 

60 

1.000 

835 


2S- to 32>Volt Lamps 


15 

1,000 

175 

25 

1,000 

340 

50 

1,000 

820 

100 

1,000 

1,800 


Projection Lamps 


50 

50 

790 

100 

50 

1,900 


50 


300 

25 


dOO 

50 


750 

25 


1,000 

50 

i 27,500 


Floodlight 



200 

1,380 


800 

3,750 

400 

200 

8,000 

500 

800 

8,800 

1,000 

800 

19,500 


support for the filament is such that the lamp will be quickly de- 
stroyed if it is not burned in the proper position. 

If the lamp is to simulate a point source of light, the filament is 
concentrated into a very small space, and where vibrations are present 
it may be necessary to use a lamp with a special filament form and 
more rigid supports. Contrasted to the filament in a small space 
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(projector and floodlight lamps) is the lumiline lamp in which the 
filament is extended the full length of a long tube. 

Incandescent lamps may be bought in various types of finishes: 

Clear Inside sprayed 

Inside frost Silver bowl 

White bowl Outside colored 

Colored glass 



(b) (c) 


Fig. 5-6. (a) Incandescent lamp bulb designations. (6) Incandescent lamp base 
designations, (c) Parts of the incandescent lamp. 

The inside frosted (with only a 2 per cent light loss) is the most com- 
monly used type of lamp and should be used in all luminaires in which 
it is desired to eliminate streaks, striations, and shadows from the 
fixture supports. Neglect of this feature may cause an otherwise 
pleasing lighting installation to be unsightly. 

The silver-bowl lamp is a piece of lighting equipment in itself 
(where it is used the equipment merely shields the neck of the lamp 
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and acts as an ornamental device), because it has a permanent coating 
of mirrored silver on the outer surface of the bowl. This coating is a 
part of the lamp and acts as a shield 
to protect the eye from the filament 
of the lamp. It also acts as an effi- 
cient indirect reflector if it is burned 
with the base up. There are lamps on 
the market with the silver coating on 
any portion of the lamp which the 
user desires. Silver-bowl lamps give the 
best service if the bulb has an inside 
frosting. 

The light output of the silver-bowl 
lamp is 96.4 per cent of that of the stan- 
dard inside-frosted lamp, and in 1000 
hr. the light depreciation will be 1.4 per 
cent more than the standard lamp. 

The high temperatures under which 
the lamp operates will extend its life 
about 20 per cent beyond the life of 
the unsilvered lamp. Figure 6-6 

shows the comparative candlepower G-o.-* Candlepwwer distribu- 

distribution curves for the silvered and unsUvered and 

, , the silver-bowl incandescent lamps, 

unsilvered lamp. 

A recent development is the projector lamp (Table IV-6A). A 
section of the lamp unit and the distribution curves are shown in Fig. 



TABLE IV-6A 
Inside Mirbored Lamps 
(March, 1941) 



Watts 

Lumens 

Beam 

Spread 

Beam 

Projector lamp 




Spotlight 

150 

990 

15° 

Floodlight 

150 

1500 

30° 

Reflector lamp 




Spotlight 

150 

700 

15° 

Spotlight 

300 

1450 

15° 

Floodlight 

150 

700 

30° 

Floodlight 

300 

1600 

30° 


7-6, The mirrored surface is on the inside of the lighting unit rather 
than on the outside as it is in the silver-bowl lamp, and this surface is 
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Degrees 


both efficient and durable. The fila- 
ment is of the new coil-coil type 
with the lens, reflector, and filament 
combined into a single sealed unit. 
Of this same type of mirror construc- 
tion (used only for interior service) is 
the reflector lamp which furnishes a 
narrow beam and is suitable for increas- 
ing the illumination over small areas. 

The bipost-base incandescent lamps 
permit installation of the large-size 
incandescent lamps in restricted space 
(Table IV-6 j 5). Figure 8-6 shows 
the shape of the lamp and base and 

TABLE IV-6B 

Bipost-Basb 
Incandescent Lamps 
(March, 1941) 


Watts 

Lumens 

750 

14,000 

1,000 

19,500 



also the light distribution curve. 
Their use makes possible the manu- 
facture of a comparatively small fix- 
ture which will harmonize with the 
interior even where it is necessary to 
have high values of illumination. 
These lamps are tubular and are 
made of hard glass. The interior in- 
corporates a gauze screen which col- 
lects filament evaporation and protects 
the inclosing glass against blackening. 
In this way, a high percentage of light 
output is maintained throughout the 
life of the lamp. 


Fig. 7-6. (a) Assembly of a projector type lamp. (6-1) Distribution curves for 
projector- and reflector-type lamps to rectangular coordinates. (6-.?) Plotted to 

polar coordinates. 
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The incandescent lamp development and manufacture is an ever- 
changing industry. New tjrpes of lamps are continually being pro- 
duced, and changes in the characteristics of established products are 
being made from month to month. When it is necessary to design 
or specify lighting, the latest information available concerning new 
developments in lamps should be consulted. 

The life of a lamp may be adjusted to any value desired, but the 
economics of operation is influenced by the choice of long-lived or 
short-lived equipment. For the general service lamp, 1000 hr. of life 
has been accepted as the best balance between lamp renewal and 



(a) a?) 


Fio. 8-6. (a) Bipost base lamp. (6) Distribution curve for bipost lamps. 

electrical current cost. Special lamps have a range in length of life 
from a small part of a second to thousands of hours. 

6. Drying Lamps.^^ The latest use of the incandescent filament 
lamp is that of drying with the near infra-red radiation. The ability 
to control the process is so satisfactory that it is rapidly replacing 
other drying devices and processes. The 250-w. drying lamps operate 
at a filament temperature of 2500® K and have a life of from 10,000 
to 20,000 hr. The lumen output is one-third that of a similar radia- 
tion lamp in the visible region. The low light output makes it possible 
to install large banks of these lamps without objectionable glare. 
Figure 0-6 shows the radiation distribution of the lamp and the ef- 
fectiveness of the infra-red in drying some conunon lacquers. Since 80 
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6 Primer, aot mm. Thick 
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% 
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to 90 per cent of the radiation of the incandescent lamp is in the infra- 
red, these lamps make very successful heaters for drying. For best 
drying results, the energy should be supplied where it is most effective 
in vaporizing the common washes and solvents. 

As shown in Fig. 9-6, the radiation from the type of lamps now 

available is too generalized for 
the desired effectiveness, but there 
may be individual lamps devel- 
oped in the future for specific 
purposes. Then the trade will 
not have to depend upon a lamp 
which, though good for general 
application, is inefficient in 
many specific cases. Figure 10-6 
shows the ability of various ma- 
terials to reflect infra-red energy. 
The reflectors are parabolic in 
shape so that they can con- 
centrate the heat upon the material to be dried. The drying lamp 
process will produce a dry surface within 5 to 15 per cent of the time 
required by heaters and air dryers. 

The method is so new that there is little information available and 
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Fig. 9-6.“ Characteristic spectral energy 
curve for a drying lamp and the transmis- 
sion of infra-red radiation by various lac- 
quers. 
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Fig. 10-6.® Efficacy of various metals as reflectors for infra-red radiation. 


each installation is in the nature of an experimental investigation. 
The fumes and vapors from the material being dried will depreciate 
the equipment; therefore, it is desirable to provide for their removal in 
a manner that will have the least effect upon the material that is dry- 
ing and upon the maintenance of the reflector. 
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6. Gaseous Discharge Lamps.^- i*. is. i«. 23. 25 xhe gaseous dis- 
charge lamp differs from the incandescent lamp in that the luminous 
effect is obtained from a gaseous discharge rather than from a heated 
metallic ribbon. To be successful, both types of lamps should operate 
on low voltages (110 to 120 v.) and on either alternating or direct 
current, and both should produce lumens efficiently. The incandescent 
lamp has the advantages of unity power factor, of independence of 
auxiliary devices, and of the ability to operate equally well on both 
types of electricity. It has, however, definite limits of efficiency. The 
gaseous discharge lamps have only one advantage, that of high lumen 
output per watt. The power factor at best is approximately 90 per 
cent; auxiliary devices must be used with the equipment, and the 
operation is not as satisfactory on direct current as on alternating 
current. When comparing the gaseous conduction and incandescent 
lamp, the comparison of lumen output should be made on the basis of 
volt-amperes rather than on watts. 

As was stated above, gaseous discharge lamps do not function as 
well on direct current as on alternating current, and they are more 
sensitive to ambient temperature. The gaseous discharge lamp has 
essentially the characteristics of an arc lamp, and the conducting gas 
does not limit the current. This current-limiting must be accomplished 
in direct current by a series resistance (energy used by the stabilizing 
device is 25 to 50 per cent of the total), and in alternating current by a 
reactance which produces an extremely low power factor. 

There are many types of gases used in gaseous discharge lamps, 
but only a few types of the lamps are of specific commercial impor- 
tance. They are: 

а. Low-pressure mercury vapor lamp. 

б. High-intensity mercury vapor lamp. 

c. Neon lamps (used mostly for signs). 

d. Sodium lamps (used for highway lighting and being considered 
for possible industrial lighting). 

€, Fluorescent lamps. 

In thti first four, the color of the illumination depends upon the 
gas used; the last depends upon a combination of mercury gas and 
the fluorescent phosphor used in coating the inside of the tube. As in 
the incandescent lamps, the difficulties in the gaseous lamps lie in the 
development of the scientific problems encountered in manufacturing 
and in improving the product rather than in problems of application 
of the lamps in practice. 

One of the objectionable features of the gaseous discharge lamp 
)is the stroboscopic effect. W^hen a moving object is illuminated by a 
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^light that is flickering, multiple images of the object are produced. 
This is stroboscopic effect. The number of images formed depends 
upon the frequency of the flicker and discontinuity of the vision. The 
stroboscopic effect may become a hazard where the lighting is used for 



Fig. 11-6.® Distribution curves for low-pressure mercury vapor lamps, (a) A bare 
lamp, (b) A lamp using a reflector. 

industrial purposes, because the reflections from high-speed rotating 
and reciprocating machines confuse the vision. 

Circuits recently developed for the fluorescent lamps are so ar- 
ranged that both the flicker and power factor have been corrected. 


TABLE V-6A 

Low-Pressure Mercury Vapor Lamp 


Type 

Power 

Factor 

Watts 

Early reactive ballasting 


380 

Resistive ballasting 


450 

Resistive ballasting and 



rectifier starting 


450 

Reactive ballasting, high- 



speed starter, power- 



factor corrections 

86 to 90% 

350 


7. Low-Pressure Merctuy Vapor Lamps. The low-pressure vapor 
lamp encountered in commercial and industrial installations is known 
as the Cooper-Hewitt lamp. The quality of the light is definitely of a 
line spectra type and the lamps cannot be used where color is an im- 
portant factor. 
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The low-pressure mercury 
vapor lamp usually consists 
of a long tube (approximately 
50 in. long) and an auxili- 
ary unit. Figure 11-6 shows 
the candlepower distribution 
curves for the bare lamp and 
for the lamp with the reflector 
equipment, which is a part of 
the auxiliary unit. Figure 
12-6a shows the wiring dia- 
gram of a modem auxiliary 
which has a high power factor. 
Table V-6A lists the power 
factors for the various types 
of auxiliaries used. Because 
the light source is long and 
the lamp has a low brightness 
per square inch, it may be 
mounted at low heights with- 
out excessive glare. Tables 
VI-6i4 and VI-6B give data 
for mounting, and the light 
distribution for the 450-w. 
Cooper-Hewitt lamp, respec- 
tively. 

Figure 12-65 shows the 
operating characteristics of 
the Cooper- Hewitt lamp with 
a fluctuation of the line volt- 
age. To correct for the line 
voltage variation in different 
localities, the manufacturer 
incorporates voltage taps in 
the auxiliary and these should 
be used correctly after deter- 
mining the voltage at the 
point where the lamp is in- 
stalled. Figure 12-6c shows 
the visual utilization of the 
low-pressure mercury vapor 
lamp. The shaded area rep- 


(a) 

fTh{/r/fe^ (/2O^OO-ZS0O O^ms) 
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Fio. 12-6.®’ Characteristics and circuit for a 
low-pressure mercury vapor lamp, (a) A mod- 
ern power factor corrected circuit, (b) Char- 
acteristics of the lamp with respect to voltage, 
(c) Spectral energy distribution. 
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resents the portion utilized by the eyes, and the unshaded portion rep- 
resents the output from the lamp. It will be noted that, though there 
is considerable radiation from 460 to 400 m/i, it has little effective 
value for seeing. 

TABLE V-6B'^ 

General Characteristics of Various Gaseous Conduction Lamps 


Sources 

Method of Operation 

Power Factor 

Watts in Aux. 

Watts in Arc 

h 

H 

Arc Amps. 

Arc Length 
Inches 

Arc Voltage 

Watts per Lin. 
Inch 

■i 

& 

u 

i-s 

Candles per 

Sq. In. 

Overall Lumens 
per Watt 

H. V. Neon 

React. Trans. 

65 

4 

36 

0 45 

0 03 

100 

2050 

0 24 

5 8 

1 30 

14 5 

H. V. Neon 

React. Trans. 

55 

6 

50 

0 60 

0 05 

100 

2000 

0 30 

7 2 

1 20 

13 0 

H. V. Mercury 

React. Trans. 

55 

5 

45 

0 45 

0 03 

100 

2300 

0 20 

1.6 

0 36 

3 2 

H. V. Mercury 

React. Trans. 

55 

10 

85 

0 60 

0 05 

100 

2100 

0 55 

1 9 

0.32 

2.0 

L. V.-L. P.-Hg. 

no V. D.C. 



185 

250 

1 00 

3 5 

60 

71 

4 1 

120.0 

12.2 

16 0 

L.V.-L.P..Hg. 

A. C. Rject. Res. Bal. 

90 

176 

275 

1.00 

3 7 

50 

74 

4 6 

135 0 

13.6 

15.0 

L.V.-L. P.-Hg. 

A. C. Rect. Res. Bal. 

90 

100 

150 

1 00 

3.7 

22 

40 

4 6 

135.8 

13 6 

12.0 

L. V.-L. P.-Hg. 

A. C. Rect, Res. Bal. 

90 

125 

175 

0 75 

2.5 

35 

70i 

4.2 

115 0 

15.4 

13.5 

L. V.-H. C.-Neon 

A. C. Rect. Res. Bal. 

90 

200 

300 

1 00 

3 5 

18 


11.7 

276.0 

27.8 

10.0 

H. P.-Quarti-Hg. 

Uviarc-D.C. 



250 

650 

0 70 

4 0 I 

6 

i6o; 

100 0 

3600 0 

520 0 

24.0 

High Int. Hg. * 

Full Wave A. C, Ind. Bal. 

65 

25 

400 

1 30 

2 9 1 

6 

160 

63 0 

2250 0 

175.0 

32.0 

Sodium -10,000* 

Full Wave A. C. Ind. Bal. 

65 

25 

200 

3 00 

6 6 

9 

25 

15,6 

1100 0 

37.0 

45.0 

Sodium — 6000* 

Full Wave A, C. Ind. Bal. 

65 

15 

150 

2 50 

5.0 ! 

7 

20 

14 3 

850 0 

34 5 

36.0 


* Tentative data based on a depreciation of about 15 per cent for each successive one-thousand> 
hour interval of operation, from a rated rather than actual initial output. Intrinsic brilliancy based 
on total emittinff surface area of tube or btilb. 


TABLE VI~6A 

Intensities Produced by One 450-Watt Cooper-Hbwitt Lamp at 
Various Heights and Distances 


Horisontal Distance in Feet 


Height 

0 

1 


3 

4 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 i 

16 

17 

18 

19 

'20 

25 

4 

99.0 

80 4 

58.8 

39.2 

25.0 

15.8 

10 5 

7.1 

5.0 

3 5 

2 5 

1 9 

1 5 

1 4 

11 

.9 

.8 

65 

.65 

.45 

.37 

18 

5 

59.7 

53 4 

43.3 

32 2 

25.2 

15 9 

11.2 

8.1 

5 9 

4.2 

3,2 

2.3 

1.8 

1 7 

14 

11! 

.9 

.75 

.65 

.56 

.46 

28 

6 

41.8 

38 5 

32.7 

26 1 

20 0 

14.8 

11. 0 

8.8 

6.2 

4.7 

3 6 

2.9 

2 2 

2 0 

1.6 

13 

1.1 

.85 

.76 

.65 

55 

.28 

7 

30.7 

28.5 

25 3 

21.2 

17.3 

13.5 

10 6 

8 1 

6 3 

6 0 

4 0 

3 1 

2 4 

2.2 

1 7 

1.6 

1.2 

1.1 

90 

.75 

.66 

.28 

8 

23.3 

22.1 

20 1 

17.4 

14.6 

12.0 

9 7 

7 9 

5.9 

5 1 

4.1 

3.2 

2.7 

2 3 

1.9 

1.6 

1.4 

1.2 

1 0 

.90 

.76 

.37 

9 

18.5 

17.8 

16.4 

14 5 

12.6 

ilO 8 

8 9 

7 4 

6.1 

5 0 

4.0 

3 2 

2 8 

2 4 

2 0 

1.6 

1.5 

1.2 

1 1 

.90 

.75 

.48 

10 

14.9 

14.4 

13.4 

12.2 

10 9 

9 5 

8.0 

6 8 

5.7 

4 8 

3 9 

3 4 

2 9 

2.4 

2 0 

1 8 

1.6 

1 3 

1.2 

1.0 

.85 

.66 

12 

10.3 

10.1 

9 7 

8 8 

8.1 

7.3 

6 5 

5 8 

5.0 

4 4 

3 8 

3 2 

2 8 

2.3 

2.0 

1.8 

1 6 

1.4 

1.3 

1.1 

.90 

.55 

14 

7.6 

7.4 

7.2 

6.8 

6 3 

5 9 

5.4 

4.9 

4.2 

3.8 

3 4 

3.0 

2.6 

2 1 

2 0 

1.7 

1.6 

1.6 

1.3 

1.1 

1.0 

55 

le 

5.8 

5.7 

5.5 

5.3 

5,1 

4.7 

4 3 

4 0 

3.7 

3.4 

3 0 

2.8 

2.5 

2.1 

1.9 

1.6 

1.5 

1.4 

1.2 

1.1 

1 0 

.65 

18 

4.6 

4.6 

4 4 

4.3 

4 1 

3 9 

3.6 

3 4 

3 1 

2.9 

2.8 

2 6 

2.3 

1.9 

1 8 

1 5 

1.5 

1.3 

1.21 

1.1 

1.0 

.65 

20 

a 7 

3.7 

8.7 

3 5 

3 4 

3.2 

3.0 

2.8 

2.7 

2.6 

2.2 

2.2 

2.0 

1.6 

1.4 

1.3 

1.3 

1.3 

1.1 

1.1 

.90 

.65 

25 

2.4 

2.4 

2.3 

2 2 

2.1 

2.1 

2.1 

1.9 

1.9 

1.9 

1.8 

1.7 

1.6i 

1.2 

1.1 

1.0 

1.0 

.9 

.9 

.76 

.65 

.55 


8. High-Intensity Mercury Vapor Lamps ® The high-intensity 
mercury vapor lamp is now listed as a Type-H lamp. It differs from 
the low-pressure lamp, which operates at approximately 0.025 mm. 
pressure, in that it operates at pressures ranging from to 8 atm. and 
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from 30 to 40 1. per w. Type PI-6 is a special lamp operating at pres- 
sures of from 75 to 80 atm., and has approximately 65 I. per w. 
Table VII-64 lists the Type-H lamps and gives the output of each. 

The unsatisfactory feature of the high-pressure lamp is its slow start- 
ing operation; it takes from 10 to 12 min. to reach normal operating 
conditions. Where there arc frequent interruptions of the system, this 
operation could not be tolerated; however, continuity of service is 

TABLE VI-6B 

Intensities Produced by Sixteen 450-Watt Cooper-Hewitt Lamps 
Symmetrically Spaced 


Horizontal Distance Between Lamps 


Height 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

20 

24 

4 

55.0 

40.4 

24.5 

23.0 

17.9 

15.7 

11.8 

9.7 

7.0 

5.7 

3.9 

1.4 

5 

62.1 

55.4 

39.6 

27.6 

21.6 

19.7 

15.4 

12.2 

9.2 

7.4 

5.4 

2.3 

6 

65.2 

58.6 

42.5 

30.7 

24.5 

22.6 

17.8 

14.3 

10.9 

7.8 

6.6 

3.2 

7 

65.2 

58.4 

44.3 

33.0 

26.5 

25.0 

19.3 

15.9 

12.5 

9.9 

7.7 

4.0 

8 

64.2 

57.4 

45.0 

34.2 

28.2 

27.2 

20. 9i 

17.3 

13.9 

11.0 

9.1 

4.7 

9 

62.1 

55.2 

43.7 

34.8 

29.2 

28.0 

22.0 

18.3 

15.1 

11.9 

9.6 

5.3 

10 

59.7 

53.0 

42.3 

34.3 

29.6 

27.6 

22.8 

19.1 

16.0, 

12.7 

10.1 

5.8 

11 

57.0 

50.6 

40.8 

33.3 

29.5 

27.0 

23.0 

19.4 

16. 6i 

13.3 

10.8 

6.2 

12 

54.1 

46.0 

39.2 

32.3 

29.0 

26.2 

22.5 

19.5 

16.7 

13.7 

11.2 

6.3 

13 

51.2 

45.6 

37.7 

31.3 

28.3 

25.5 

22.0 

19.4 

16.6 

14.0 

11.3 

6.5 

14 

48.0 

42.8 

36.2 

30.2 

27.4 

23.8 

21.3 

19.2 

16.4 

14.2 

11.4 

6.6 

15 

44.5 

38.6 

34.7 

29.1 

26.7 

i 23.7 

20.7 

18.7 

16.1 

14.1 

11.4 

' 6.7 

16 

40.6 

34.6 

33.1 

28.0 

25.7 

! 22.9 

19.3 

18.2 

15.7 

13.8 

11.2 

6.7 

18 

36.6 

33.1 

30.0 

25.5 

23.5 

20.9 

17.7 

16.9 

14.9 

13.0 

10.7 

6.7 

20 

32.6 

29.7 

26.7 

23.0 

21.1 

1 

18.4 

15.2 

15.3 

13.9 

11.2 

10.3 

6.6 

Approximate Watts per Square Foot of Horizontal Surface 


7.0 

5.5 

4.5 

3.7 

3.1 

2.5 

2 . 3 ! 

2.0 

1.7 

1.4 

1.1 

.78 


usually expected in most industrial sections. A combination of in- 
candescent and high-intensity mercury vapor lamps will permit con- 
tinued operation of production lines and manufacturing processes even 
when the mercury lamps are not functioning normally. 

Figure 13-6 shows the construction of a 400-w. lamp and the cir- 
cuit using a transformer. A condenser is also used for correcting the 
power factor. Table VH-6A gives the line power factor for the 
Type-H lamps commonly used in general lighting. Since the high- 
intensity lamp is influenced by temperature, its construction is differ- 
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ent from that of the low-pressure lamp. The Type-H lamp has two 
tubular bulbs, one inside the other, the arc being formed in the inner 
bulb. At each end of the tube is an electrode consisting of a coil of 
tungsten wire specially treated to produce a large supply of electrons 
when the lamp is in its initial operating stage. There is also a third 
electrode (shown in Fig. 13-6) which assures positive starting in cold 
weather and reduces the time required for restarting. The inner tube 

TABLE yil-QA^ 


Mercury Lamps 


Designation 

S-1 

8-2 

H-1* 

H-2 

H-4t 

H-5t 

H-6 

Service 

Sui^ht 

Sunlight 

Ceneral 

General 

Genttal 

General 

Proj.A Photo 

Lamp watts (rated) 

130 

400 

250 

100 

250 

1,000 

Watts, with auxiliary (approx.) 

500 

175 

450 

300 

120 

280 

1,200 

Lumens (at 100 hr.) 

7,200 0 

1,600 a 

16,000 

7,600 

3,500 

10,000 

65,000 

Lume» per watt, lamp fapprox.) 
Lumens per watt, ovenul 

18 

12 3 

40 

30 

35 

40 

65 

14 4 

9 1 

36 6 

25 

29 2 

35 8 

54 1 

Rated av. lab. life, hours 

400 

300 

2,000 

2,000 

1,000 


50 

Lamp starting volts (approx.) 

30 

30 

150 

132 

190 

1,200 

Lamp operaUng volts (approx.) 
Lamp starting amperes (approx.) 

14 5 

15 

143 

70 

130 

140 

840 

9 5 

2 

5 

5 

1 3 

2 9 

2 6 

Lamp operating amps, (approx.) 

27 5 

8 5 

3 0 

3 9 

0 9 

2 2 

1 4 

Transformer primary vdtage 

115 

115 

115,230 

115,230 

115,230 

115,230 

115,230 

Power factor (approx.) 

60% 

50% 

66or 90%6 

45 or 85%5 

50% 

50% 

60% 

starting time to full output 

5 nun. 

8 nun. 

7 min. 

7 nun. 

3 min. 

4 mm. 

2 sec. 

Restarting time 

0 

0 

7 mm. 

4 min. 

3 min. 

4 mm. 

2 sec. 

O-WPc 

0-90“c 






Burning position 

Base up 

Base up 

Vertiod d 

Any 

Any 

Any 

Horii. 

Bulb 

PS.22 

A-17 

T-16 

T-9 

T-10 

T-14 

T-2 

Finish 

I.P. 

I.F. 

Clear 

Clear 

Clear 

Clear 

aear 






Ad- 


^in. Brass 

Base 

Mogul 

rnediiim 

M(^ 

Medium 

medium 

Mo|ul 

Sleeve 

Maximum overall length, inches 

6A 


8 


8A 

Light center len^, inches 
Premure, atmospheric (approx.) 

5 

9 

«« 

9 

7H 

1 

5 


5 

4 

80 

Number of eieotrodes 

2 

2 

3 

3 

3 

3 

2 


* A-Hl is baae-up burning; B-Hl baae-down. 

t B-H4 has T-16 red-purple bulb for fluoreacenoe; maximum overall length, 5H in. C~'H4 
haa PAR-38 bulb and admedium skirted screw base; maximum overall length, 5H in. D-H4 has 
PAR-38 bulb and medium skirted screw; maximum overall lenp;th 5H in. S-4 for Sunlamps has 
same electrical characteristics as A-H4 but usee an A-21 iiltra-violet transmitting bulb. 

X ^H5 lamjas with admedium screw bases are available. 

a 8-1 and S-2 lumens are initial. The total ultra-violet output of the 8-1 unit is 68,000 
E-vitons: of the 8-2 unit, 8,000, and of the 8-4 unit, 68,000. 

b The higher power factor is obtained with auxiliaries incorporating integral correction. 

c Maximum ultra-violet output at vertical base-up. 

d Lamps may be operated in a horisontal position only in connection with specially designed 
magnetic deflecting coils. 

contains the mercury and a small amount of argon to facilitate starting 
the arc. The outer tube is a heat-insulating jacket. 

When the lamp is first turned on, the argon gas immediately sup- 
ports the arc, the heat from the arc discharge starts vaporization of 
the mercury, and a blue glow fills the tube. The starting operation 
requires about 5 amp. at 20 v., which gradually changes to 2.9 amp* 
at 150 V., and the glow in the tube becomes concentrated into a fine 
brilliant stream as the lamp begins to operate under normal and ef* 
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ficient conditions. If the electrical service is interrupted, the arc is 
quenched and the lamp must cool to a pressure value at which the arc 

Mogu/ 

Screw 
Base 


Lead and 
Support 
Wires 
Support- 

Starting 



Fig. 13~6.* (a) Circuit for a high-intensity Type-H lamp, (b) Construction for 

the Type-H lamp. 

TABLE VII-6B* 

Spectral Characteristics op Mercury Lamps 



Relative 

Ultra-violet 

(Below 

3800 A) 

4358 A 
Blue 

5461 A 
Green 

5780 A 
YeUow 

Continuous 

(Visible) 

Relative 
Infra-red 
(7600- 
26,000 A) 

Lumens 

%- 

Lumena 

% 

Lumens 

% 

Lumens 

% 

H-l, 400 w. 

2.1 

no 

0.7 

7860 

49.1 

6800 

42.5 

1230 

7.7 

40.9 

H-2, 260 w. 

1.2 

55 

0.7 

3770 

50.3 

3245 

43.3 

430 

5.7 

14.6 

H~3. 86 w. 

(The first commercial type of capillary lamp — replaced by the H-4) 

H-4, 100 w. 

1.6 

25 

0,7 

1735 

49.6 

1255 

35.9 

485 

13.8 

14.7 

H-5, 260 w. 

4.6 

70 

0,7 

4630 

46.3 

4040 

40.4 

1260 

12.6 

32 

H-6. 1000 w. 

33.6* 









62* 


100. t 









loot 


* Olna ¥ira,ter jacket. f Quarts water jacket. 


can be reestablished. The period of time required to relight varies 
according to the ambient temperature surrounding the lamp. In in- 
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180 ' 160 ' 140 ' 



T/me in Minutes 



closing equipment this period will 
be longer than in the open type 
of equipment. 

Because of its high efficiency, 
the Type-H lamp is very desirable 
in industrial installations, but it 
must be mounted 10 ft. or more 
above the task because of its high 
brilliancy. The color is of line 
spectra (radiation at specific wave- 
lengths only) type (Table VII-6B) 
as it is in the low-pressure lamp, 
and, therefore, unsatisfactory 
where color must be considered. 
Figure 14-6 shows the voltage 
characteristics, the candlepower 
distribution curve, and the spec- 
tral energy distribution of a 
Type-H lamp. The higher visual 
efficiency of this lamp over the 
low-pressure lamp is due to the 
concentration of a greater portion 
of the light in the 540-580 m/i 
region. (Shown in Fig. 14-6c. 
Compare with Fig. 12-6c.) 

9. Combining Mercury Vapor 
Lamps and Incandescent Lamps. ^ 

There are two factors that influ- 
ence the desirability of combining 
mercury arc and incandescent 
lamps in the same lighting sys- 
tem: (a) the assurance of continu- 
ity of light; (b) the correction of 
the color of the light source by ad- 
ditive means. The mercury arc 
radiates a high per cent in the 
blue region whereas the incandes- 
cent lamp radiates mostly in the 
red region, and a proper combi- 


Fio. 14-6.*»* (a) Candlepower distribution curve for a 400-w. Type-H lamp, 
(b) Charaeteristics of the lamp at stuping, (e) Spectral energy distribution. 
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nation of the two tends to produce what may be called a commercial 
white light. Though this light is not a color-matching light; it is one 
that blends readily with daylight where a combination of natural and 
artificial light is to be used. 

As a general rule, for low-pressure lamps the mixture is made on 
the basis of 2 w. of incandescent light for each watt of mercury; for 
Type-H mercury lamps the combination is made upon a lumen-for- 
lumen basis — a 400-w. Type-H-1 lamp with a 750-w. incandescent lamp. 


260 






^0 


10. Sodium Vapor and Neon Lamps. The sodium vapor lamp 
(Table V~6J?) radiates most of its energy in the yellow portion of the 
visible spectrum. Figure 15-6 shows 
the visual utilization of the sodium 
lamp; by comparison it is more effi- 
cient than the mercury vapor lamps. 

Because of objectionable color charac- 
teristics, the lamp is not recommended 
for interiors; because of its high effici- 
ency (45 1. per w.), however, it is used 
and recommended for highway lighting. 

Neon tubes (Table V-65) are used 
almost entirely for advertisement, 
though there are some interior instal- 
lations. They prove to be quite satis- 
factory in interiors for ornamental 
designs and spot lighting, but it is 
doubtful whether or not they should 
be recommended for general lighting. 

They lack flexibility and the strobo- 
scopic effects are rather severe. The 
tubes operate on from 8000 to 12,000 v. 

The characteristic orange-red color is obtained by the use of neon gas; 
mercury, argon, carbon dioxide, and colored tubes in combination with 
the gases are used to obtain the different color effects. As in all 
gaseous vapor lighting units, the power factor is low, so that any 
studies for comparative purposes should be made on the basis of volt- 
amperes rather than watts. 
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Fig. 15-6.® Spectral energy distri- 
bution and visual utilization of light 
from a sodium lamp. 


11. Ultra-Violet Lamps.^- Ultra-violet radiation, though infre- 
quently used with general lighting, is finding an increasing number of 
applications. The ultra-violet radiation is obtained by the use of 
IVpe-S (Table VII-6A) and Type-G lamps, each application of which 
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brings up a problem for special consideration. It requires from 5 to 
8 min. for the lamps to reach their maximum output operation and the 
power factor is approximately 50 per cent. 

12. Sterilizing Lamps. A special lamp which concentrates its 
effectiveness at 253.7 m/i is called a “ Sterilamp ” or “ Germicidal 
lamp. This lamp will be used in industrial and commercial organiza- 


TABLE VIII-6« 
Germicidal Lamps 



15-watt 
(same as 
fluorescent) 

5-watt 

3-watt 

Overall length 

17H in. 

7H in. 

5H in. 

Diameter 

1 in. 

in. 

H in. 

Operating | 

100-126 V. 

110-125 V. 


voltages 

60 cy. 

50-60 cy. 

60 cy. 

Nominal lamp 
amperes 

30 

048 

.050 

Watts including 
reactor 

19 

5 

4 

Life 

2000 hr. 

1500 hr. 

1000 hr. 

U. V. output 

20 to 25 /xw. 

1 fiw. per 

5 to 6 


per sq. cm. 

sq. cm. at 

pw. 


of 2537 A 

1 m. 

per sq. cm. 

Base 

at 1 m. 
FA-1 cap 

Med. screw 

at 1 m. 
Radio 

Operating 

Same as for 

None 

No. 4108 

auxiliary 

00 

required 

67G50 

Burning 

position 

fluorescent 

lamp 

Any 

Any 

Any 

Bulb 

T-8 

1 T-10 

T-4 


tions which store and handle foods and also in hospitals. It operates 
in the ultra-violet region most effective for germicidal action at the 
same output as the fluorescent lamp (253.7 m/4 in the ultra-violet). 
Table VIII-^ gives the technical data concerning these lamps. 

18. Fluorescent Lamps.^* The fluorescent lamp is a gaseous 

discharge lamp of the mercury vapor type, making Use of ultra-violet 
energy (maximum output 253.7 m/x) to activate a coat of fluorescent 
material on the inside of the tube. The material used to coat the in- 
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Fia. 16 - 6 .® (a) Circuits for fluorescent lamps, (b) The characteristics of fluores- 
cent lamps with voltage change, (c) Candlepower distribution curve for fluorescent 
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ride of the tube is called a “phosphor/^ and it transforms the short 
waves in the ultra-violet (253.7 mju) into the longer waves (400 td 
700 m/i) of the visible spectrum. The phosphors are produced syn- 
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thetically in order to control the purity, and one or more of these 
various chemicals are used in producing the various colors in which 
the fluorescent lamps are manufactured. To facilitate emission and 
produce the starting arc, mercury and a slight amount of argon are 
introduced into the tube. When the phosphor and the maximum en- 
ergy output wavelength are adjusted to each other, a very efficient 
light source is produced since the light from the visible spectrum of 
the arc and the radiant energy from the ultra-violet are both utilized. 

Auxiliary equipment is required for fluorescent lamps just as it is 
for the other gaseous types, and the lagging power factor of an un- 
corrected unit is approximately 60 per cent By the use of special 
circuits and a condenser of suitable capacity, it is possible to improve 
this power factor to 95 or 100 per cent. Recen t deve lopments in 
auxiliary equipment have eliminated all objectionable fe ature s except 
the hufir,~~wfi jfcTr is~ an mherenl TeaUurc" p7 the jdhiQfee._ Figure 16-6a 
shows six’Hrcuits for connecting auxiliaries, condensers, and fluorescent 
lampsT'Tfie circuit usmg'two lamps is a very safisTactory arrangement^ 
for it corr^s" power factor and reduces flicker or stroboscopic effect. 
Circuits combining leading and lagging arrangements may be used for 
producing unity power factor. 

Figure 16-66 shows the characteristics of the fluorescent lamps. 
It will be noted that the variation of the characteristic is not inde- 
pendent of the auxiliary u.sed. With the thermal type of switch (small 
magnetic path), 1 p)er cent variation in voltage causes a 2 or 3 per cent 
change in lumen output; with the magnetic type of switch (large 
magnetic path), the same change in voltage produces only a 1 per cent 
change in lumen output. Where the lamps are installed on a system 
with marked voltage rise, it is well to use the more expen.sive magnetic 
switch auxiliary. For reliable and efficient operation, the lamps should 
never be operated at less than 105 (210) v. or more than 125 (250) v. 
Figure 16-6c shows the candlepower distribution of the fluorescent 
lamp. This curve has a characteristic resembling that of a theoretical 
line source discussed in Chapter 5. 

In replacing incandescent lamps with the new fluorescent lamps, 
the wiring cannot be determined from the wattage but must be cal- 
culated from the volt-amperes. In an economic study of such re- 
placements, it is necessary to consider the auxiliary both as to power 
consumption and power factor, because part of the lighting unit and 
the lumen output of both types of lamps should be weighted in volt- 
amperes and not in watts. 

The chief advantage of fluorescent lamps lies in the production of 
colored light at efficiencies much higher than those using the subtrac- 
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TABLE IX-6« 

Characteristics of Fluorescent Lamps and Ballasts 

(March, 1941) 


Wattage Siae* 

6 

8 

14 

16 

20 

30 

40 

65 

100 

Nominal length, inches 

9 

12 

15 

18 

24 

36 

48 

36 

60 

Diameter 

H in. 

H in. 

IV 2 in. 

1 in. 

IH in. 

1 in. 

V/i in. 

2 Hi in. 

2H in. 

Bulb 

T-5 

T-5 

T-12 

T-8 

T-12 

T-8 

T-12 

T-i7 

T-17 

Approx, lamp amperes 

0 15 

0 18 

0 37 

0.30 

0 35 

0 34 

0 41 

] 35 

1.45 

Approx, lamp volts 

45 

54 

41 

56 

62 

103 

[199-216] 

108 

[199-216] 

50 

72 

[199-216 

Circuit voltages 

110-125 

110-125 

105-125t 

110-125 

110-125 

220-250) 

1110-125] 

(220-250) 

lll0-125] 

110-125 

220-250 

1 110-126 

Rated aver. life. hr. •• 

750 

750 

1500 

2500 

2500 

2500 

2500 , 

2000 

2000 


Wattage Size,* Lumen Outputs, J and Brightnesses*** 



High Power Factor Single-Lamp Ballasts — 60 Cycles 


(Power factor above 90 %) 


Lamp 

Watts 

Circuit 

Voltage 

Overall Dimensions 
Inches 

Weight 

Pounds 

Approx. 
Watts Loss 

15 

110-125 

lAx2Jix 8% 

m 


20 

110-125 

lAx2Mx 

m 




f 110-125 

l^x2HxUH 

3H 

10 

30 


199-216 

lA X X 105^ 

2H 

8 



220-250 

lA X 2M X 105^ 

2H 

9 



[110-125 

lA X 2>i X UH 

m 

13 

40 


199-216 

lA X 2M X 10^ 

2H 

1 12 



I220-250 

lA X X 105^ 

2H 

13 

65 

110-125 

2Hx3yax UH 

9H 

24 



'110-125 

2HxZHx ua 

lOH 

24 

100 


199-216 

2Ji X 3H X UH 

WH 

24 



[220-250 

2^ X X UH 

m 

24 


♦ Add auxiliary watts for total. 

t Voltage range for two-in-series operation in which a specially designed filament lamp (60 v. 
amp., S-11 outside-white bulb, intermediate-sipTew base) is used as a risistance ballast. Total 
wattage of two lamps and ballast is 45 on alternating current, 38 on direct current. 

** Under specified test conditions. 

t Lumen output ratings apply at the end of 100 hr. of operation, The efficiency of daylight 
and white Type F lamps at 70 per cent of rated life is about 85 per cent of initial rating. 

**♦ Maximum values at center of lamp perpendicular to the lamp. 1 c. per sq. in. » 452 ft.-L. 

The type RF lamp is a special type of fluorescent lamp used on rectified current from specially 
desired auxiliary equipment. The lamps are rated at 86 w.. 3000 hr. life with an output of 4000 1. 
Avsolable in two colors, designated as blue-white” and ‘'industrial white.” 
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TABLE IX~6 — Continued 


High Power Factor Tulamp Ballasts — 60 Cycles 
(Power factor corrected to 95-100 %) 


Lamp 

Watts 

Circuit 

Voltage 

Overall Dimensions, 
Inches 

Weight, 

Pounds 

. . 

Approx. 
Watts Loss 

16 

110-125 

lA X X 

3H 

9 

20 

110-125 

lA X 2M X UH 

3H 

9 



110-125 

2Hx3Jix 9H 

7 

14H 

30* 


190-216 

2*Ax3Hx 9A 

6»A 

12 



220-250 

2Hx3}ix 9H 

6H 

12H 



110-125 

2Hx3Hx 9H 

7 

17H 

40* 


199-216 

2Vsx3Ax m 


13H 



[220-250 

2Hx3ysx 9H 


14H 

66 

110-125 

2Hx3yix uy 

lOK 

24 



110-125 

2Hx3Hx 19Ji 

uy 

35 

100 


199-216 

2Hx3Hx 19^ 


35 



[ 220-250 

2Hx3}ix I9y 

14H 

35 


♦ Starting com^naator is necessary when 30- and 40- w. Tulamp ballasts are used. Overall 
sUe 1/f by by 4n »n. 


uve method. Table IX-^ gives the ratings and outputs of the lamps 
now available. It is possible to obtain daylight conditions (6500'* K, 
I. C. I, daylight) at approximately 30 1. per w.; a performance much 
superior to that of any type of filter system. The same is true for all 
other colors; however, when the white light (incandescent light) 
characteristics are desired, the first cost must be considered as well as 
the cost of power. In air-conditioned rooms and buildings, the prob- 
lem of heat dissipation is a factor in favor of the fluorescent lamp; 
however, its advantage must be justified by a study of cost, not by 
opinion alone. 

Figure 17-6 gives the spectral distribution curves for fluorescent 
lamps having equal wattages but different colors. The continuous 
spectrum is shown with the energy in the four visible lines of the 
mercury spectrum which is plotted to slit widths of 200 m/x. With the 
exception of the red and gold lamps, the energy in the mercury lines 
should be added to the continuous spectra in plotting the complete 
distribution. The gold has absorbed the 404.7-m)U and the 435.8-m/x 
lines, and all four lines are absorbed in the red lamp. 

Tables XSA and X-6S show the distribution of the radiant 
energy from the lamps previously discussed compared with that from 
the fluorescent lamp. Table X-6J5 shows, in detail, the distribution 
of the power entering the daylight fluorescent lamp and the incre* 
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ments of power delivered from the lamp in the various radiant regions. 
It should be noted that only 50 per cent leaves by convection and con- 
duction. That is why the lamp is called a cool light source. Previous 



Wa^/efength In Mlf/Imlcrons 
Fig. 17-~6.*^ Spectral distribution curves for fluorescent lamps. 


studies have shown that the actual temperature rise in a room from an 
incandescent light source is approximately 0.3®*F per w. per sq. ft., 
which, for an installation of 5 w. per sq. ft. is 1.5° F, not enough to 
account for the discomfort caused by light units during hot weather. 


TABLE X-6A« 

Lamp Energy Distribution 


Type 

Convection 
and Conduction 
Per cent 

Radiant 
Energy 
Per cent 

Light 
Per cent 

500-w. incandescent 

19 

70 

11 

400-w. H~1 mercury 

38 

51 

11 

15-w. fluorescent 

53 

34 

13 

1000-w. H-6 mercury 

62 

10 

28 


That distress is caused by the radiant energy, a fact which has been 
recognized for some time by those studying human comfort with re- 
spect to air conditioning. The fluorescent lamp, with only 47 per cent 
in radiant energy as compared with the 81 per cent of the incandescent 
lamp, will seem relatively cool. 




0 - ! It u/n'inant A 5*- 200 -vv. tncanatescenf 

/ - ttlumtncrnf B 6- 300-w. Da(///g^f /ncanctescef7f 

Z- Iiti/mlnar?f C 7-S0-/n., LP. Mercury 

S’- Noon Suntighf-June d-400-w. Type H't Mercury 

4- A\rerage Duy//g/?f-June O- ZSO-w, Type NS Mercury 

lO-BONn. Mercury -h 2-Z00~w. IncanUescenf 
It - 50 ~ in Mercury -h 4- ?5-w. tncanatescenf 
tZ- Type //-/ Mercury + 4'ZOO-w. tncanatescenf 
t3 - Type HS Mercury + Z-ZOO'^w. tncanatescenf 
t4 - tuanhoe Truf/nf Noon Sunt/ghf Untt ZOO-w. tncanatescenf 
tS- Corntng Na 590 Oay/tgt7f 5tass, 5mm„ ZOO-iV. tncanatescenf 
t€- ty'antioe Truf/nf Norffy Skyt/gNf C/ntf, ZOO-iu. tncanatescenf 
Ftuorescenf^ t7-81ue ta-Green t9-Go/at ZO-P/nk ZNPeat 
ZZ-Wf7ife Z-Dauttoffif 

Fia. Chromaticity dia4;ram sbowing the location of incandeseent, mer- 

cury vapor, and fluorescent lamps. 
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The configuration of tubular fluorescent lamps necessitates different 
types of reflector design than those accepted in the normal lighting 
system. The reflectors must be so shaped that little of the light from 
the reflector is redirected onto the lamp itself, for it is opaque in na- 
ture and such light would be lost. 

14. Chromaticity of Gaseous Conduction Lamps.^^- All of the 

gaseous discharge lamps have such definite color characteristics that 
their analysis is not complete until these characteristics have been 
studied. Figure 18-6 gives the chromaticity diagram for incandescent, 
mercury, and fluorescent lamps of various colors. 

The use of gaseous lamps by themselves or in conjunction with 

TABLE 

Energy Distribution Daylight Fluorescent Lamp 


15 w. 
input 


15 w. 
output 


Ultra-violet 7 5 w. (at 253.7 mju) 

Visible Light 0.2 w. 

Infra-red 1 
Convection [ 7.2 w. 

Conduction! 


Visible 

2.0 w. 

7.5 

Infra-red 

5.5 w. 

S7%) « 

Convection 

5 8 w. 

7 5 

Conduction 

1.7 w. 

n%l « 


13 w. 
87% 


other lamps makes it necessary to analyze the spectral qualities before 
a reasonable prediction of the resultant effect can be made. The 
spectral curves given for the sources may be studied with respect to 
the reflectance curves of any material or with the transmission curves 
of transmitting material. The combination of source and surface may 
be studied in conjunction with the visibility curve in order to deter- 
mine the luminosity curve, from which the luminous efficiency or 
luminous utilization of the installation can be calculated. 
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CHAPTER 7 


LIGHT CONTROL 

The term light control in its broadest sense should be applied 
to any factor which will influence the light output. If defined in this 
manner, this classification will include room size and color as well as 
the characteristics of specific equipment. 

A study of light control will include the following classifications: 

A. Classes of substances used 

1. Transparent 

2. Translucent 

3. Opaque 

B. Light-beam control 

1. Reflection 

2. Transmission 

3. Refraction 

C. Surfaces and media used 

1. Diffusing 

2. Redirecting 

3. Scattering 

D. Luminaires 

1. Direct 

2. Semi-direct 

3. General diffusing 

4. Semi-indirect 

5. Indirect 

6. Supplementary 

E. Installation 

1. Room dimensions 

2. Candlepower distribution of luminaire 

3. Color of ceiling and side wall 

4. Utilization factor 
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1. Classes of Substances.* In screening and directing light, thre* 
classes of substances are used: transparent ^ translucent, and opaque. 

The transparent materials transmit a large portion of the light that 
strikes the surface without either diffusing or redirecting it; therefore, 
objects may be seen clearly through a transparent material. Most 
prominent in this class are the flint, crystal, and clear glasses. Pol- 
ished plate glass, from which surface irregularities have been removed 
by grinding and polishing, making the planes of its two surfaces ap- 
proximately parallel, and window glass, in which there is a charac- 
teristic waviness of surface, belong in this classification. Transparent 
materials are used for admitting daylight and for seeing from interiors, 
but with present-day high brightness light sources, it cannot be used 
for light control without excess glare from the source. When il- 
luminating by diffused light, or from sand-blasted or carved edges, 
transparent materials have excellent decorative values. 

Translucent substances transmit light, but scatter it in such a way 
that objects cannot be clearly seen through it. In this group are 
found the various glasses used in carrying out designs using different 
types of luminaires and light elements. The following describes the 
properties of the various subdivisions of this class: 

Opal glass is a highly diffusing glass having a nearly white, milky, 
or gray appearance. The diffusing properties are an inherent, internal 
characteristic of the glass. 

Opalescent glass is a type of opal glass which selectively transmits 
and diffuses light and has a resultant fire appearance when used with a 
concentrating incandescent source of light. 

Alabaster glass is a glass simulating natural alabaster and having 
a gray or paraffin-like appearance. Comparatively, it usually has less 
diffusing power than opal glass. 

Cased glass is a glass composed of two or more layers of different 
glasses, usually a clear, transparent layer to which is added a layer of 
opal, opalescent, or colored glass. 

Enameled glass is a glass which is coated with enamel. The enam- 
els may be white or colored and have varying degrees of diffusion. 

Decorated glass is a glass to which etchings, stains, enamels, or 
other finishes have been applied, primarily for decorative purposes. 

Matte surface glass is a glass whose surface has been altered by 
etching, sand blasting, grinding, 'or other means to increase the diffu- 
sion. Either one or both surfaces may be treated. 

Configurated glass is a glass with a patterned or irregular surface. 
The surface configuration is usually applied during fabrication. De- 
scriptive adjectives are needed for each particular type of surface. 
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Prismatic glass is a clear glass into the surface of which is fabri- 
cated a series of prisms, the function of which is to direct the incident 
light in desired directions. 

Antique glass is a glass relatively smooth of surface, but having a 
slight degree of non-uniform diffusion because of the intentional pres- 
ence of bubbles, striae, or fissures. 

Any of the above glasses may carry a descriptive adjective de- 
fining color or special treatment; however, it would be well to follow 
closely the classification of the committee to avoid confusion in speci- 
fying the material desired. 

Opaqice materials are used for redirecting light. These do not 
transmit any of the light; it is either reflected or absorbed. The 
polished metals, mirrors, dull- or matte-finished surfaces are found in 
this class. 

2 . Reflection, Transmission, and Absorption. A beam of light 
travels along a straight line until it is modified or redirected by some 
object. When the beam of light encounters an object, the light may 
be reflected, transmitted, or absorbed. At least two of these phenom- 
ena always take place. 

In an algebraic sense the operation characteristics may be com- 
bined into the following expression: 

p + 7 + « * 1 

where p, the reflection factor^ is the ratio of the reflected light to the 
incident light; 7 is the transmission factor and is equal to the ratio of 
the transmitted light to the incident light; a is the absorption factor 
and is the ratio of the absorbed light to the incident light. Since the 
sum of these factors is unity any two of them is unity minus the third. 

Both surfaces and media have special characteristics which modify 
the distribution of light, but these characteristics are so closely as- 
sociated with reflection, transmission, and absorption that they must 
be studied together. Diffusirig surfaces are those which break up the 
incident light and distribute it in accordance with the cosine law 
(rough plaster and opal glass are examples). Redirecting surfaces 
change the direction of the light in a definite manner (mirrors or 
prisms). Scattering surfaces redirect the light into a multiplicity of 
separate pencils by reflection or transmission (configurated glass). 
Figure 1~7 shows characteristic reflection and transmission patterns 
for the various classes of media and surfaces. If color is involved in 
the material or the surface, the result is a selective reflection in which 
only those color wavelengths present will be reflected; the remaining 
ones will be absorbed. 
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The simplest form of reflection is that from a polished redirecting 
surface, upon which the angle of reflection is equal to the angle of in- 
cidence (classified as regular or specular reflection). When light strikes 
a diffusing surface, the result is diffused reflection, because the light is 
reflected in all directions. This becomes a perfectly diffused reflection 
when the redirected light is distributed in accordance with the cosine 
law so that the reflecting surface appears equally bright from any di- 
rection. The coefficients expressing these types of reflection are: 



Scatter/ng Surface Scafter/ng Materials 


Fig. 1-7. Characteristic reflection and transmission patterns for various materials 
and surfaces, (a) Illustrates Lambert’s cosine law: 7 « 1^ cos 

Regular reflection factor of a body is the ratio of the regular 
reflected light to the incident light. 

Diffused reflection factor of a body is the ratio of the diffusely 
reflected light to the incident light. ^ 

The reflection from any surface may be a mixture of specular and 
diffused reflection; in fact, this is true in most instances. Figure 2-7a 
shows two types of reflection. 

Transmitting material finds wide application in illumination where 
it diffuses or reflects light. The transmitting properties of a material 
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have as specific characteristics as do the reflecting properties. Regular 
transmission is that in which the transmitted light is not diffused. 
The direction of a transmitted pencil of light has a definite geometrical 
relation to the corresponding incident pencil and, if the direction is 
not changed, the characteristic is called direct transmission. If the 
transmission is such that the transmitted light is distributed in accord- 
ance with the cosine law so that the surface of the transmitting body 



M/xea^ /?ef/ecf/on M/xecf Transmtssfon 

Fig. 2-7. Types of reflection. 

appears equally bright from all angles, it is said to have perfectly 
diffused transmission. A resultant transmitted light which is emitted 
in all directions from the transmitting body is said to have diffused 
transmission. The transmission from bodies has coeflScients expressing 
the different types of transmission: 

Regular transmission factor is the ratio of the regularly trans- 
mitted light to the incident light. 
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TABLE I~7A» 

Transmission, Reflection, and Absorption Factors for Typical 
Translucent Materials 


Type 

Thickness 

Trans- 

mission 

Reflection 

Absorption 


Inches 

Per Cent 

Per Cent 

Per Cent 

Clear glass 


80-92 

8-10 

2-10 

Clear glass (silvered) 



82-93 

7-18 

Configurated, obscure clear glass 
Clear glass: 

.12-. 23 

57-90 

7-24 

3-21 

Satin finish: 





toward source 

.075 

89 

8 

3 

away from source 

Acid etched: 

.075 

85-88 

6-8 

4-9 

toward source 

.08 

82-88 

7-9 

5-10 

away from source 
Sand-blasted: 

.08 

63-78 

12-20 

10-17 

toward source 

.0S-.12 

77-81 

11-16 

7-11 

away from source 

.06-. 12 

70-77 

13-18 

10-16 

Alabaster glass 

.125-. 19 

60-70 

20-30 

10 

Other opalescent glasses 

Marble (CaCOa): 

.09 

58-84 

13-28 

2-14 

one side polished 

.29-. 39 

3-8 

30-71 

24-65 

impregnated 

.12-. 20 

12-40 

27-54 

11-49 

Alabaster (CaSOa): 





veined 

.44-. 63 

17-30 

49-67 

14-21 

colored 

.25 

34-50 

27-29 

21-39 

White ceramic coated clear glass 
varying diffusion 

Flashed opal glass: 

.125 

40-64 

24-50 

10-13 

Group 1 

.08-. 11 

47-66 

31-45 

3-10 

Group 2 

Composition 

.11-. 13 

27-35 

54rS7 

8-11 

White diffusing 

.010-. 025 

0-41 

32-75 

7-27 

Clear matte (typical sample) 
Solid opal glass 

.010 

68 

15 

17 

Group 1 

.07-. 14 

12-38 

40-06 

20-31 

Group 2 

.07-. 10 

37-51 

43-54 

6-11 

Group 3 

.06-. 14 

13-35 

65-78 

4-10 


Diffused transmission fa(^r is the ratio of the diffusely trans- 
mitted light to the incident light. 

In practical application there is usually a superposition of regular 
and diffused transmission. It will be noted that the above factors 
refer to the light emerging from a body; therefore, the factors include 
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losses caused by reflection and absorption. Figures 2-76 and 2-7c 
show types of transmission. 

Transmission and reflection factors depend upon the angle of in- 
cidence. This angle, therefore, should be stated as well as the factor; 


TABLE I-7B» 

Ri. LECTION Factors for Typical Opaque Materials 


Material 

Reflection 

Paint: 


Flat white 

76-86 

Gloss white 

76-80 

Vitreous porcelain enamel on steel: 


Matte white 

60-83 

Glazed white 

65-77 

Plaster — white 

90-06 

Terra cotta: 


White and cream — smooth and 


matte 

60-80 

Sandstone — one sample 

41 

Limestone 

35-58 

Marble (CaCO,): 


One side polished 

30-71 

Impregnated 

27-54 

Alabaster (CaS 04 ): 


Veined 

49-67 

Colored 

27-29 

Matte-finished metal: 


Oxidized or etched aluminum 

70-89 

Aluminum paint 

60-65 

Alzak aluminum etched 

80 

Polished metal: 


Silver 

90-92 

Chromium 

63-66 

Aluminum 

62 

Monel metal 

49-56 

Chromium-nickel (stainless) steel 

55 

Alzak aluminum polished 

85 

Cadmium 

62 

Nickel plate steel 

63 


wherever the angle is not stated, it is assumed to be normal. Since 
reflection and transmission may be selective, the above factors should 
be stated in accordance with the illuminant used. T^or correct speci- 
fications a report of either the reflection or transmission should in- 
clude: 
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1. Type of surface 

2. Angle of incidence 

3. Types of illuminant 

Figure 2-7c shows mixed reflection and transmission 

Since it is difficult to measure absorption of a surface or a ma- 
terial, it is determined by subtracting the sum of the reflected light 
and the transmitted light from the incident light. Tables 1-1 A and 
1-7^ give the reflection, transmission, and absorption factors of typical 
translucent and reflecting materials. 

Redirecting surfaces are of interest because the light is refracted 
(changed in direction). Any lens system belongs to this class, and all 


Per Cent of Totat Light Upward 
0 to 40 SO 90 iOO 



fresnel and prism glasses or lighting units refract light. It is possible 
to obtain total reflection with a prism, but its application consists of 
installations in which a wide spread of light is desired. Factory rib 
glass, commonly used in industrial plants, is one example of this type 
of control. 

8. Luminaires. At the beginning of the chapter, a listing of the 
various classifications of luminaires was given. For many years it has 
been the practice in this country to use three classifications: direct, 
semi-indirect, and indirect. Continental practice has always included a 
fourth class, the semi-direct, and recently the new school code and 
industrial code has added a fifth class, the general diffusing^ as recom- 
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mended by the International Commission on Illumination. Table 
II-7 gives the approximate proportion of light upward and downward, 
and Fig. 3-7 gives a graphic representation of the classification. In 
addition to the characteristic of the light source, there is also control 
of the illumination by the position and number of units. Unidirectional 
illumination is produced by a single light source of relatively small 
dimensions. It is characterized by the fact that a small, opaque ob- 
ject placed near the illuminated surface casts a sharp shadow. MuUi- 
directional illumination is produced by several sources of relatively 
small area, and a small, opaque object placed near the illuminated 
surface casts several shadows. Diffused illumination is produced by 
primary or secondary light sources having dimensions relatively large 
with respect to the distance from the point illuminated, and scattering 


TABLE 11-7^- 6 
Types op Luminaires 


Classification 

Approximate Distribution 
of Output 

Upward 

Per Cent 

Downward 
Per Cent 

Direct 

0-10 

90-100 

Semi-direct 

10-40 

60-90 

General diffusing 

40-60 

40-60 

Semi-indirect 

60-90 

10-40 

Indirect 

90-100 

0-10 


the light in all directions; it is marked by a relative lack of shadow. 
The most diffused light comes from the open sky. In a practical in- 
stallation, using any of the types of luminaires listed in Table II-7, 
there is a mixture of diffused and directional illumination. 

A luminaire is defined as a complete lighting unit consisting of a 
source together with its direct appurtenances, such as globe, reflector, 
refractor, housing, and such support as is an integral part of the hous- 
ing. The term is used to designate completely equipped lighting fix- 
tures, wall brackets, portable lamps, so-called removable units, or 
street-lighting units. Since there is some confusion as to the meaning 
of some of the descriptive terms, those defined by the Illuminating 
Engineering Society are given as: 

Reflector — A reflector is a device, the chief use of which is to 
redirect the light of the lamp by reflection in a desired direction 
or directions. 
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Refractor — A refractor is a device which redirects the light of 
a lamp in desired directions principally by refraction. 

Shade — A shade is a device, the chief use of which is to diminish 
or to interrupt the light from a lamp in certain directions where 
such light is not desired. Frequently the function of a shade and 
a reflector are combined in the same unit. 

Globe — A globe is an enclosing device of clear or diffusing 
material; the chief uses of a globe are to protect the lamp, to 
diffuse or redirect its light, or modify its color. 



Lamp — Lamp is a generic term for an artificial source of light. 
Electric Incanvdesceni Lamp — An electric incandescent lamp is 
a light source consisting of a glass bulb containing a filament 
electrically maintained at incandescence. (Bulb in automotive 
practice is used to designate the incandescent lamp because the 
luminaire in this field is called a lamp.) 

Figure 4-7 shows the parts of the luminaire for both the indirect and 
general diffusing types of units. 

4. Direct Lighting, Figure 5-7 shows the light distribution from 
a direct luminaire and illustrates other typical direct units. A direct 
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lighting installation can be defined as a lighting system in which prac- 
tically all (90 to 100 per cent) of the light of the luminaire is directed 
in angles below the horizontal and directly toward the usual working 
areas. It is the most common luminaire used in the general lighting 
systems of industrial plants. Although in general such systems provide 
efficient illumination on the working surfaces, the workers must con- 
tend with other factors, such as excessive contrast with surroundings, 
sharp shadows, and reflected glare. Care should be taken when in- 
stalling the equipment to avoid exposing the workers^ eyes to glare 



from brilliant lamp filaments or excessive contrasts between the light 
source and its background. 

Direct lighting systems may range from concentrating louver and 
spotlight equipment through the many bowl and dome types of re- 
flectors, even to extended sources, such as large glass panels and sky- 
lights. Louvers and prismatic lenses are used to eliminate possible 
irritating brightness which would otherwise shine directly into the 
eyes. If the unit is large in area with low brightness and wide dififu- 
fflon, the direct lighting system will have characteristics similar to those 
of the indirect system. 
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The equipment is usually classified into two groups: that which 
concentrates and that which distributes the light. The first is used in 
high-bay installations, because it is designed for high mounting and 
concentration of the light on the working surface; the second type is 
used for low mounting, and the cutoff of light should in no case be 
less than 15 degrees below the horizontal. There is another group of 
lighting equipment which rightfully belongs to the direct lighting group 
and is a special application of concentrating reflectors; it is called sup- 



Genera/ D/ffus/ng^ 
Upivarcf 40-60% 
Do^vr?l^clrrcl^ 40-60% 



Lam/ One or F/aorescent 



Bui ft In Ceif/ng, 

Diff using Pcrne/ 
S/cfes and Boffon? 



Exfendfid Celling E/emenfs 
V-shcrpeai DifFusingr Pane/s 


Box with Diffusing Pane/s 



Fio. 1-1} Typical general diffusing lighting luminaires. 


plementary lighting. In both commercial houses and industrial plants 
it is frequently desirable to illuminate some small area far in excess 
of the necessary general lighting. Various types of equipment have 
been designed to meet this need. These will be discussed more fully 
in Art. 9. 


5. Semi’Direct Lighting. Figure 6-7 shows the light distribution 
from a semi-direct lighting unit and pictures several typical units. 
In this classification, 60 to 90 per cent of the output of the luminaire 
is directed downward to the working surface. There is, however, 
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some contribution to the illumination on the working plane from light 
which is directed upward and reflected by the ceiling and upper wall 
areas. For the most part, luminaires in this class are of the open- 
bottom type, though some inclosing glass units are included. Semi- 
direct units are often used for lighting corridors, wash rooms, 
gymnasiums, and locker rooms. 

6, General Diffusing Lighting. Figure 7-7 shows the light dis- 
tribution from a general diffusing lighting unit and illustrates other 
typical units. In this class, the predominant illumination on the hori- 
zontal working surfaces comes directly from the lighting units, but 
there is a certain amount contributed from light directed upward and 
reflected back from the ceiling and upper wall area. Most of these 
luminaires are of the glass diffusing inclosing-globe type and are found 
as general lighting units in offices, stores, and other commercial and 
industrial installations. Where the capacity of the wiring is limited, 
it may be necessary to use this type of equipment, for it has a good 
utilization factor permitting high illumination with a limited wattage 
capacity. In Chapter 3, the brightness of luminaires is discussed and 
Table II-3 (page 50) should be consulted as a guide in specifying the 
size of lamp to be used with an inclosing unit. 

In general, unless oversized glassware is used, these units are of 
questionable value in offices, school rooms, and other locations where 
long hours of attention to details is required. This type of equipment 
may be lamped to rather high values if a parchment shade is put over 
the glassware to reduce brightness toward the eyes, and to redirect the 
light for more efficient use on the work surface. If parchment shades 
are used and the globe is lamped to a high lumen output, attention 
must be given to the possibility of objectionable reflected glare. It 
may be safely stated that this type of lighting has been applied in 
many instances in which a semi-indirect system would be desirable. 

7. Semi-Indirect Lighting. Figure 8-7 shows the light distribution 
from a semi-indirect lighting unit and pictures some other typical units 
belonging to this class. In this system of lighting, 60 to 90 per cent of 
the luminaire output is emitted upward toward the ceiling and upper 
side wall, while the rest is directed downward. Since this system 
utilizes the ceiling as the main source of light, careful attention should 
be paid to its color and maintenance factor. The pAint should have a 
matte finish with high reflecting characteristics and should be easy to 
clean. This system gives a good quality of light with a slightly higher 
lumen output than does the indirect system, but there may be some 
direct and reflected glare that is undesirable. This should be the 



170 


LIGHT CONTROL 


lowest grade of lighting permitted in school rooms and offices where 
long hours are spent upon tasks which require marked attention to 
detail. 

If possible, the brightness of the semi-indirect bowl should not 
exceed 500 ft-L. (approximately 1 c. per sq. in.). The use of an inside 
frosted lamp with the equipment will make it more pleasing in ap- 
pearance and more uniform in brightness. It is difficult to determine 
when and where to use the semi-indirect in preference to the indirect 
system; the problem is usually one of economics. 

8. Indirect Lighting. Figure 0-7 shows the lighting distribution 
from an indirect unit and illustrates some of the commercial units that 
would be grouped under this classification. This can be defined as a 
lighting system in which practically all of the light (90 to 100 per 



Fig. 8-7 ’ Typical semi-indirect lighting luminaires. 


cent) is directed to the ceiling and upper side walls, from which it 
is reflected diffusely to all parts of the room. With such a large area 
serving as the source of light, there is little direct glare. Some instal- 
lations have been made in which the brightness contrast between the 
equipment and the ceiling directly above the equipment has been so 
severe that it caused considerable irritation. When indirect lighting 
is installed in long, low rooms, the large illuminated surface within the 
region of vision may be a source of glare; when the general illumina- 
tion is to be in excess of 30 ft-c., any normal installation, regardless of 
the system, may prove unsatisfactory because of glare. It is well to 
study with special care any installation requiring a high illumination. 

Since, with this system, the ceiling and upper side walls are the 
sole source of light, they should be of as li^t a color as possible and 
the surface should have a matte finish so that the light will be well 
diffused. The units are built with either opaque or luminous bottoms, 
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the latter being obtained by a translucent material in the bowl or by 
spill light. Dirt inside the lighting equipment is more detrimental to 
the lighting installation than the same amount of dirt on the outside. 
Since this is true, indirect lighting equipment, particularly of the open- 
bowl type, must be frequently cleaned. Inside-frosted lamps should 
be used to eliminate streaks, shadows, and filament striations pro- 
jected to the ceiling from the lamp and equipment. 

Light from this type of system may be characterized as soft, and a 
subdued atmosphere is created by low brightness and absence of sharp 
shadows. The equipment has possibilities for wide variation in design 
which will harmonize well with the architectural elements of the room. 
Because of the excellent diffusion and low brightness of an indirect 
lighting system, it is probably the best the illuminating engineer has to 
offer at present as a solution to the problem of hygienic seeing condi- 
tions, but it is correspondingly the most expensive to install and to 
operate correctly. 


9. Supplementary Lighting. This kind of lighting is a means of 
obtaining, within the limits of reasonable economy, enough light for a 
specific task. When the general lighting system fails to deliver enough 
light in specific areas, these areas may be lighted with local equipment. 
This has been called lighting plus but is more accurately designated 
as supplementary lighting. Since the surrounding light must equal at 
least 10 per cent of the work surf^e light, the amount of supplemen- 
tary lighting which can be used is readily determined. The safe 
amount of this type of lighting to add would be: 


General Lighting 
Foot-Candles 
5 
10 
20 


Supplementary 

Lighting 

Foot-Candles 

50 

100 

200 


40 400 


Care must be taken that the lighting thus added does not produce 
glare, harsh shadows, or severe contrasts between the brightly lighted 
area and its surroundings. In specifying the supplementary equip- 
ment, it is well to determine what is required in the way of lumens 
and the best type of lighting to employ for the task. If equipment 
is available, the experimental method is probably the most reliable 
way to discover the best design, but if it is not possible to try the 
equipment, the distribution curve may be used for making a point-by- 
point calculation. These special installations are essentially systems 
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of direct lighting and computed foot-candles, for the illumination from 
the supplementary equipment can be added directly to the illumina- 
tion from the general lighting system. 

A detailed discussion of the various methods and types of equip- 
ment for supplementary lighting is not within the scope of this book, 
but to acquaint the student with some of the methods, a brief sum- 
mary of these types will be given in the following pages: 

а. Special applications 

б. Show windows and display cases 

c. Interior merchandise display 

d. Industrial application 

e. Artificial daylight and color match 

Figure 10-7 shows typical supplementary equipment for special light- 
ing problems. The recommended foot-candles may be classified as: 

а. 100 ft-c. or more — extremely fine details, material of extremely 
low or poor contrast, and performance of task of prolonged duration. 

б. 50-100 ft-c. — fine detail, medium contrast in materials, and the 
performance of task not prolonged. 

c. 30 to 50 ft-c. — moderately fine detail, average contrast of ma- 
terials, and intermittent performance of the task. 


10. Special Applications, a. Art Galleries. A special solution is 
usually necessary for each installation. In general the hanging areas 
should be lighted in some such manner as illustrated, 
with concealed projectors behind stippled- or ribbed- 
glass sections. Illumination of the order of 50 ft-c. 
will be provided by 300-w. daylight lamps spaced 
to 2 ft. apart. The supplementary lighting is usually 
coordinated with an artificial skylight which may furnish about 5 ft-c. 
of general illumination. 




5. Museums ^ Special Exhibits. Special study 
^ X should be made of each exhibit and the lighting fitted 

Jl-siL 0*^^ to the specific conditions encountered. Many cases 
are suitably lighted with show-case equipment; others 
may require special color and natural shadow effects. 
Broad, flat cases may be lighted by trough equipment as illustrated. 
c. Hospital — Operating Tables. The best practice is to use a 
localized general system with concentrating reflectors 
or lens plates to concentrate the light on the operat- 
ing zone from all directions in order to avoid harsh 
shadows. Two hundred or more foot-candles should 
be provided. Adjustable spotlights will also be found 
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useful when used with general illumination of 20 ft-c. or more to re- 
lieve contrasts and shadows. 

d. Dental Chairs. General illumination of at 
least 20 ft-c. should be supplemented with two or 
three 150-w. lens units or louvered spotlights directed 
at the operating area. 

c. Counters and Dealing Shelves. In bank cages 
and ticket offices supplementary trough lighting equipment is usually 
located at the top of the cages to produce a band of 
light lengthwise of the counter. Troughs may be 
covered with diffusing glass or fitted with longitudinal 
louvers to shield the lamps. Sixty-watt lamps on 15- 
to 18-in, centers will generally be adequate. 

f. Business Machine Lighting. Where power is brought to the desk 
for the operation of business machines and where the work is of a 
kind that is particularly difficult to see, units of 
bracket type similar to the I.E.S. reading lamp, per- 
manently positioned on key-punch machines, copy 
holders, and index references will, when equipped 
with 100-w. lamps, provide 60 ft-c. of supplementary 
lighting on the work. For ordinary typing work, general lighting of 
30 ft-c. is recommended. 

g. Reading and Writing Rooms. In hotels, libraries, waiting rooms, 
and hospitals, supplementary lighting should be pro- 
vided by means of portable reading lamps, in addi- 
tion to the general illumination. Certified I.E.S. 
lamps in floor, table, and wall models are recom- 
mended from the standpoint of diffusion and distri- 
bution of light. On writing desks, the best location for portables is at 
the left-hand side of the desk. 

11. Show-Window and Display Cases, a. Standard show-window 
equipment should be chosen to fit window dimensions and to concen- 
trate light on the trim line. Mirrored glass, polished metal, or pris- 
matic units offer the control necessary to proper distribution. Reflectors 
should be concealed by valances or enclosed mounting. Louvers or 
stippled-glass cover plates prevent glare where a row of units is ex- 
posed to the observer. 

The better windows in brightly lighted districts use 300- and 500-w. 
xmits on 15- to 18-in. centers. At least 200-w. on 12-in. centers will be 
required for downtown city stores; 150-w. lamps for secondary business 
districts; 75- or 100-w. lamps for neighborhood stores and small towns. 
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Recommended foot-candle standards serve principally as a relative 
gage of requirement for different localities. Adjacent displays, traffic 
exposure, color, type, and arrangement of merchandise and back- 
ground are also prime factors in window effectiveness and emphasis. 

6. Show cases and wall cases require from two to four times as 
many foot-candles as the general illumination throughout the store if 
they are to stand out prominently and command attention. Standard 
show-case equipment is available for tubular bulb, Lumiline, and 



flourescent lamps and in individual mirrored reflectors taking the A 
bulb lamps, also mirrored show-case lamps. 

A common shortcoming in the lighting of wall cases is the use of 
wide distribution reflectors which fail to concentrate the light on the 
merchandise display, but produce predominant and oftentimes dis- 
tracting light on the upper background. Small compact parabolic 
aluminum trough reflectors or other concentrating distribution units 
are best applied in most cases. 

Large, shallow cases may often best be lighted by a row of con- 
centrating prismatic lens plates built in the top of the case. 

From 40 to 60 w. per running foot of show case will be required to 
supply 60 to 100 ft-c. along a normal curve of trim. 
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12. Interior and Display Cases, a. The 

problem in lighting mirror alcoves is to light 
the person and not the mirror. The sketch 
shows the use of a large aluminum ceiling 
reflector with a 500-w. silvered-bowl lamp; also 
louvered vertical trough reflectors with 40-w. 
clear or 60-w. daylight lamps on 6-in. centers. 

h. Rug racks should 
be lighted as uniforml;y 
as possible from top to bottom. Concentrating 
units or parabolic trough reflectors with 150-w. 
lamps on 2-ft. centers will provide 30 to 50 ft-c. 
Units should be aimed at the lower third of the rug. 

c. Louvered spotlights 
with 150-w. lamps, lo- 
cated at the upper in- 
tersections of the mirrors, offer a simple means 
of supplementary lighting; shown also is a plan 
for vertical recessed luminous elements built in 
at the edge of the three sections of mirror, and 
using 60-w. Lumiline lamps. 

d. For ready-to-wear 

displays, it is desirable to secure fair uni- 
formity both vertically and laterally and to 
provide from 50 to 100 ft-c. Illumination of 
this order is necessary to perceive and to iden- 
tify coloring, tints, and textures and is equiv- 
alent to the daylight near a window or door. 
A parabolic metal trough 8 to 12 in. out from 
the case with 60- to 100-w. general service 
lamps spaced 12 in. apart is a very satisfac- 
tory method. 

e. Fitting-room mirrors entail the same re- 
quirements as other mirrors. The lighting em- 
phasis may be obtained by louvered spots, 
built-in trough or lens plates, by luminous 
panels or louvered troughs. Where booths have 
white ceilings general illumination from indi- 
rect wall urns or indirect floor lamps will make 
the room more attractive. 

/. For necessary items such as groceries, where attention rather 
than critical seeing is the requirement, less engineering refinement is 
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needed in shelf lighting equipment. Concen- 
trating trough reflectors which incorporate lu- 
minous panels for changeable advertising copy 
are satisfactory. Sockets 1 ft. apart may be 
lamped with 40 to 100 w., as conditions dictate. 

q. Small vanity table' 
mirrors require only a 60-w. 
white Lumiline lamp in a 
portable reflector holder on 
each side of the mirror for acceptable lighting for 
millinery fitting. Larger vanity and dresser mir- 
rors may have large built-in vertical panels. 

A. For lighting displays 
on columns or built-in 
shelving, a metal nosing along the front edge of 
each shelf effectively conceals small 25-w. tubu- 
lar lamps as shown in the sketch. Lamps should 
be spaced not more than 12 in. apart. Lumi- 
line lamps are, of course, equally suitable in 
many cases. 

ILU I Beauty parlor 

booths present various lighting problems, de- 
pending on the construction of the booth and 
the seeing task involved. The sketch shows a 
large-area aluminum reflector with a 200- or 
300-w. silvered-bowl lamp, adaptable as a low 
brightness source to individual open-top booths. 

Displays of glass- 
ware and bottled good^ are highly attractive 
and colorful if lighted by transmitted light as 
shown. An opal glass panel, illuminated uni- 
formly from behind with lamps spaced not more 
than times their distance back of the glass, 
will provide a suitable lu- 
minous background, 
k. Continuous trough 
reflectors for counters, tables, island displays, 
mounted 3 ft. above display, with 40- to 60-w. 
lamps 10 to 15 in. apart, should produce 50 to 
100 ft-c. on the merchandise. Translucent 
panels in the sides provide effective changeable 
advertising. 
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I Small compact lens spots available in both 
250- and 400-w. size mounted on columns, or 
ceiling brackets, give sales emphads to small 
counter or table displays. These are adjustable 
in spot size for 12- to 48-in. diameter spot at 
10 ft. The 250-w. unit at 10 ft. will deliver 
from 200 to 250 ft-c., with a 12- to 15-in. spot 
size; the 400-w., 350 to 450 ft-c. 

m. Individual counter 
brackets about 2 ft. above 
merchandise, spaced 3 ft. apart and lamped 
with 60- to 100-w. lamps, will provide 75 to 
100 ft-c. on the display. Daylight lamps 
are used effectively for colored ornaments^ cos- 
tume jewelry, and notions. 

n. Louvered concentrating reflector spot- 




lights available in 200- to 500-w. sizes give a ^ 

less sharply defined beam than lens units. Spot 
size cannot be adjusted except by changing ^ 
projection distances. A 200-w, unit at 10 ft. ll 

will oroduce about 90 ft-c. 7 

0 . For small individ- / / / / 

\ ual table displays, an ' j 

\ I.E.S. table lamp with // 

I 100- or 150-w. lamp will / 

I provide 30 to 60 ft-c. directly on the display 

I ^ contributing also to general lighting. Creates 
intimate, attractive display setting 

p. Lens plates or con- 
centrating louvered re- 
flectors may be built in a foot or two ahead of 
the vertical trim line, either in the soffit or floor 
of open display platforms or niches. One- 
hundred- to 200-w. lamps will produce high- 
lighting of 100 ft-c. or more 
on the display. 

q. Small metal bracket 
type reflectors with Lumiline or regular 25- or 40-w. 
tubular bulb lamps effectively emphasize small 
vertical display racks, stands, and cabinets. 

r. For extended vertical surface displays — 
rugs, tapestries, draperies, paintings — a series of 


Hiiiiiiffl 
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150- or 200-w. lens plate units at the ceiling is 
suitable for fixed display locations. Bracket-type 
parabolic, polished-metal troughs produce equiv- 
alent results and have some advantage in 
greater mobility. 

5. Counter units for accurate color-matching 
of hose and shoes, thread 
and fabrics, use blue glass 
absorbing filters to pro- 
duce white light. A 300-w. unit with a 50 per 
cent absorption plate (5000® K color tempera- 
ture) should produce 200 ft-c. at 18 in. A sec- 
ond circuit with clear, unmodified lamps to 
produce approximately the same illumination 
should be provided for comparison purposes. 

Daylight fluorescent units are efficient and sat- 
isfactory. 

t. Footlight-type trough lighting for coun- 
ter and shelf displays ranges from single Lu- 
miline reflectors for counter cards and small 
displays to extended shelf troughs as illustrated. 
Trough footlights with changeable, luminous 
sign panels transform waste space into valuable 
display. 

13. Industrial Applications, a. Commercial Color-Correcting Equip- 
ment. For color work, north skylight and noon sunlight equipments 
have long been available. One shortcoming* 
of such equipment is the high wattage re- 
quired, which too often results in a compro- 
mise on the matter of foot-candles produced 
With the daylight fluorescent lamps high 
levels of lighting of daylight quality 
(6500® K) can be provided with no dis- 
comfort from radiant heat. The sketch 
shows a unit equipped with three 30-w. daylight fluorescent lamps, 
mounted 3 ft. above the task, and producing a minimum of 100 ft-c. 
over a relatively large area. 

6. Concentrated Beam Sources. Industrial spotlights will provide 
high illumination over restricted areas where critical seeing requires 
from 50 to 250 ft-c. Such requirements are encountered in thousands 
of applications in the machine tool, woodworking, printing, textile 
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industries, etc. When properly louvered and 
positioned such units will provide glare-free 
lighting. Particular care must also be exer- 
cised in their location so that confusing 
shadows are not 


introduced. 

c. Semi-Con- 
centrating Equip- 
ment. This type of equipment has a very 
high utilization over an area approximately 
5 ft. in diameter, when located 93^ ft. 
above the loom. It is designated for lo- 
cations, such as over small looms, where a relatively high level of 
lighting is desired over an area of appreciable size. Equipped with 
a 200-w. lamp, approximately 50 ft-c. are provided; at the same time 
sufficient spill light is obtained to illuminate satisfactorily the spaces 
between the main working areas. 

d. Adjustable Local Lighting. Deep-bowl 
porcelain enameled or aluminum reflectors, 

. with substantial supports, holders, and ad- 
justment features, are suitable for individu- 
alized purposes such as sewing machines and 
linotype. Half-shade reflectors, even though 
adjusted to the satisfaction of the operators, 

I are likely to be glaring to others. 

Twenty-five- to 60-w. inside-frosted lamps will provide 50 to 150 
foot-candles at a distance of 6 in. For many purposes, such as sewing, 
daylight lamps are being used because of the whiter quality of the 
light. 

e. Luminous Panels. Open-weave fabrics and translucent ma- 
terials, such as glass, paper, plastics, and 
liquids, will often reveal certain kinds of 
faults and defects by transmitted light. 

Large, luminous panels may be built in 
conveyor lines over which the material ” 
flows, or special inspection units, such as 
illustrated, may be employed. While the il- 
lumination requirements may Vary consid- 
erably with the specific task, panel brightness of the order of 100 ft 7 L. 
is a fair average. 

/. Vapor- and Explosion-Proof Equipments. These units are de- 
signed for locations where corrosive vapor, inflammable gases, or 
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explosive dusts are likely to be encountered. 
In moisture-laden atmospheres, such as 
steam processing rooms, engine rooms, 
shower baths, and also where gases and 
vapors are present from such processes as 
battery charging, oil refining, paint and 
varnish making, spray lacquer painting, 
units of this character are recommended. 
Mandatory requirements are covered in the National Electric Code. 

The sketch shows the application of vapor-proof equipment in a 
spray paint booth. Equipments include both angle and symmetrical 
types of reflectors in the range from 75- to 500-w. sizes. 

g. Fluorescent Lamp ‘Trough Units. 

Sources of large luminous area and relatively 
uniform brightness may be obtained by em- 
ploying the fluorescent lamps in suitably 
designed specular trough reflectors. Units 
of this type produce high illumination of 
good quality. Because the radiant heat 
from fluorescent lamps is only one-quarter 
that of incandescent lamps for equal foot-candles, a source of this 
type can furnish several hundred foot-candles without the discomfort 
from heat formerly associated with high foot-candles. 

h. Bench f Assembly^ and Inspection. 
Bench work and assembly and inspection 
operations require a high level of good- 
quality illumination which, in general, can 
best be supplied by equipments of the type 
illustrated in g^ hy and i. Where a high de- 
gree of diffusion is not required, the Glas- 
steel diffuser, the RLM dome reflectors 
equipped with white-bowl lamps, or the deep-bowl porcelain enameled 
reflectors will produce the desired result. 

Each job requires analysis to meet specific requirements. In some 
instances, dual facilities must be provided: 

(1) diffuse lighting for certain defects; 

(2) directional lighting producing glint 
(reflected glare) which may be essential to 
reVeal others. 

i. Large- Area Sources of Uniform Bright- 
ness. Developed initially for lighting the 
type on imposing stones, units of this type 
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are particularly applicable for those operations involving detail upon 
polished surfaces, such as scribing. If the source is uniformly bright, 
the detail on the specular surface will not be obscured in a confusing 
background, as frequently results when small sources or sources of 
varying brightness are employed. 

Directional Light. Surface flaws, irregularities in surface shape, 
pit marks, scratches, and cracks in mate- 
rials are most easily seen by lighting which 
strikes the surface obliquely, casting a 
shadow and revealing the irregularities by 
shadow contrast. Thus, wrinkles in roofing 
materials, such as illustrated, are revealed 
by small shadows, emphasized by sharp di- 
rectional light. The light may be undiffused 
for mat surfaces, but diffused at the source for polished or shiny materials. 

k. Refraction. Transparent materials 
such as plate glass, bottles, bulbs, and clear 
plastic, will reveal bubbles, blisters, cracks, 
chips, and whorls or distortions by high 
lights. Alternating the observation between 
dark and luminous backgrounds introduces 
movement which aids in locating and iden- 
tifying defects. 

Similarly, surface distortions and irregularities in polished sheet 
metal are revealed by the distortion of reflected images of straight- 
lined bars or strips laid on the luminous background. 

1. Polarized Light. The detection of 
strains and defects in glass, mounted lenses, 
radio tubes, transparent plastics, etc., is 
readily accomplished by polarized light. 

The strained areas appear as color fringes 
in the material. With transparent models 

of structures and 
machine parts, it 

is also possible to see how they are strained 
under operating conditions. 

m. Machine-^Tool Lighting. The seeing 
tasks in the majority of machine-tool opera- 
tions are similar, consisting of reading in- 
dicating scales, dials, and micrometers, as 
well as observing the progress of the work. Because these measuring 
instruments generally have a semi-polished background, it is desira* 
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ble to employ a large-area source to minimize reflected glare and ob- 
tain high visibility. A concentrating source is frequently desirable to 
project light into deep-boring operations. 

n. Repair Pit and Auto- Lift Lighting. 
On auto lifts 6 units on each side of the 
wheel track with 50- or 100-w. rough serv- 
ice lamps and a protecting strip to elimi- 
nate direct glare are quite satisfactory. Re- 
cessed units with lens-type cover plates or 
special heavy-duty pit lighting equipment 
with prismatic covers and wire guards are 
used for automotive, trolley, and roundhouse repair pits, as illustrated. 
Units on 6- to 8-ft. spacing on each side of the pit with 100- to 200-w. 
lamps are recommended. Supplementary 
lighting can be provided by a portable flood- 
light, as illustrated. 

0 . Portable Garage and Repair Standards. 

Portable equipment of this type can be used 
to good advantage in airplane hangars and 
garages. The unit consists of 5 angle re- 
flectors mounted on a portable rack with 
outlets for electrical tools. Two-hundred-watt lamps are recommended. 
The usual extension cord equipped with 50- or 100-w. rough service 
lamps in a guard is provided for internal inspection. 

p. Special Purpose Projectors. Enclosed 
industrial projectors employing mercury or 
incandescent lamps find many applications 
in specialized lighting for many seeing tasks 
encountered in industry, such as finishing 
and inspection. The application, illustrated, 
shows the use of projector units with fluted 
cover glasses to spread a high, level band 
of light on the vertical surfaces of an auto body. With 300-watt 
units, equipped with spread lens and spaced 5 ft. apart, the illumina- 
tion on the working surface is of the order of 100 foot-candles. A 
single 200-w. unit, without a spread lens, will provide about 200 foot- 
candles over an area of 7 to 8 sq. ft. at a distance of 5 ft. 

q. Angle Reflectors. Units of this type can be used to supplement 
the general overhead lighting and to build up the lighting on vertical 
surfaces. They may also be used to light individual machines, auto 
wash racks, and operations that demand special distribution or di- 
rection of light. Special care is necessary in locating and shielding 
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them to avoid their becoming glare sources 
to workers who face the units. 

For fairly uniform lighting laterally 
along a vertical surface, the spacing Ix'- 
tween units should not exceed times 
their distance out from the lighted surface. 

r. Business Machine Lighting, Whore 
power is brought to the desk for the opera- 
tion of business machines and where the 
work is of a kind that is particularly diffi- 
cult to see, bracket -typ(' units, similar to 
the familiar study lamps meeting I.E.S. 
spc^cifications, permanently positioned on 
key-punch machines, copy holders, and in- 
dex references, will, wlien (‘quipped with 
100-w. lamps, provide approximately 50 
foot-candles of supplementary lighting on the work. For ordinary 
typing 30 foot-candl(‘s are nnommended. 

14. Artificial Daylight, Color-Matching, Color-Modif 3 ring Equip- 
ment. The duplication of natural daylight is confined larg(‘ly to those 
industrial and commcTcial applications involving accurate color dis- 
crimination or color rendition in varying degree, d(‘pending upon the 
specific requirements. Even in this field difficulties arise because' the* 
colorist has been accustomed, perhaps through years of habit, to a 
specific daylight quality peculiar to his location. It is practical and 
expedient, however, to provide e'xact reproductions of daylight for 
any given requirement with the atte'ndant advantage of constancy and 
24-hr. availability. 

Although color quality is accurately specified by color te'inpe'rature 
designations, equipments for reproducing daylight for working pur- 
poses may be grouped roughly intd (1) skylight units, (2) sunlight 
units, and (3) units which provide a wffiiter light than the* common 
types of general lighting equipment, but not so white as those' dis- 
cussed under a and b. 

a. Equipments of this character employ accurately correcting filters 
by means of which it is possible to dupli- 
cate the color of outdoor dayliglit. Such 
equipment is generally designed for loca- 
lized lighting over counters in stores, for 
small areas or special operations in in- 
dustrial plants where precision in color 
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identification, grading, and other color inspection is required. Illumi- 
nation of the order of 100 foot-candles is desirable for this sort of work. 

Color factories, paint and dye mixing, art studios, chemical analy- 
sis, dental mechanics, surgery, textile and cigar sorting and grading are 
examples suggesting the application of skylight-reproducing equipment. 

As compared to unmodified artificial light, from 6 to 8 times the 
voltage is required for the same foot-candle values. 

6. Enclosing globes of special crystal blue 
glass frosted on the inside modify the light 
from a lamp to approximate the color of di- 
rect sunlight at noon. Their applications are 
to some extent the same as skylight units, 
Noon sunlight the actual choice depending on specific re- 

quirements; in general, noon sunlight equipment is used for less exact- 
ing color discrimination. For example, ink and dye mixing and in- 
spection may be done locally under skylight quality, and a general 
system of noon sunlight equipment may be installed in certain rooms 
or over small areas restricted to manufacturing operations requiring 
clear color rendition such as lithographing processes, color printing, 
and tobacco grading. One hundred or more foot-candles are recom- 
mended. 

As compared to unmodified artificial light, from 2 to 3 times the 
wattage is required for the same foot-candle values- 

c. Lamps with blue bulbs, commer- 
cially known as “ daylight lamps, emit a 
whiter light which is but a partial step to- 
ward daylight whiteness. In many in- 
stances of color rendition, their use gives 
sufficient color correction to be of con- 
siderable advantage over the warmer tones of unmodified light. The 
light blends well with natural daylight; in fact, in many cases it is 
about the same color as the daylight which one gets indoors, taking 
into account the prevalence of warm tones in window shades, walls, 
and hangings; for this reason the use of daylight lamps in offices and 
many other places will be found to correct an unsatisfactory mixture of 
ordinary artificial light and inadequate daylight. 

The next larger size of lamp will be required to produce approxi- 
mately the foot-candle level as computed for a clear lamp of a given 
size. “ Daylight ” lamps can be used in all common types of equip- 
ment. 

d. Enclosing globes with a slight bluish ingredient do not appreci- 
ably modify the color quality of illumination for utilitarian purposes, 
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but have a considerable field of applica- 
tion by virtue of their whiter appearance. 

Such equipment corrects the yellowish tone 
commonly noticeable with ordinary opal 
glassware. These usually give far less 
color correction than daylight lamps. The 
units are very pleasing; they appear white and clean and are often 
more satisfactory than units of yellowish tone, particularly when sup- 
plementing natural daylight. The spectral quality of illumination is 
usually not far from that of a dear-bulb C lamp. 

The illumination will be from 10 to 30 per cent less than for the 
same type of unmodified globe. 

e. The line spectrum of mercury vapor sources produces a charac- 
teristic color quality of light. It has a faint blue line, predominant 
^ yellow and green lines, with but a trace of red. 
5 The proportion of energy represented by each 
n line varies slightly, depending on the specific 
II type of lamp. The source itself, or the light re- 
□ fleeted from a white surface, appears bluish white, 
^ but colored objects are much distorted in color 
appearance; blues become purplish black, yel- 
lows and greens are emphasized, reds appear black. Although colors 
cannot be reliably identified under mercury light, color contrast may 
be very pronounced. For this reason, it may often be used as an aux- 
iliary inspection source to reveal impurities and imperfections by in- 
troducing high color contrast that would not be apparent under white 
light. 

/. By combining mercury lamps lacking in red with incandescent 
lamps rich in red and orange, the resultant light is a very pleasing 
synthetic white light that seems cool and 
mixes well with natural daylight. There is 
still an excess of yellow, and for that reason 
it is not a color-discriminating white be- 
cause of the emphasis it gives yellow colors, 
but is very satisfactory for many industrial CambiMtion -Mercury HncafKle^^ 
and commercial uses where accurate color discrimination of materials 
is not encountered. Combination low-pressure Cooper-Hewitt tubes 
and incandescent lamps offer a somewhat better color balance than 
combination of the new Type-H vapor sources with incandescent lamps, 
but the latter combination is more efficient. 

In general, equal lumens from incandescent and from mercury 
lamps are recommended for most applications of combination units. 
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g. The daylight fluorescent lamp has a color-temperature of 6500® K, 
which measurementtj have shown to be approximately the average 
color temperature of daylight on a horizontal 
plane. The light emitted by the fluorescent lamp 
consists of a continuous spectrum radiated by 
the fluorescent coating and the line spectrum pro- 
duced by the mercury arc between the electrodes. 
In most bands, the difference between the day- 
light fluorescent light and natural daylight is 
small, and the green and yellow mercury lines do 
not unbalance the color, whereas the red deficiency of the fluorescent 
lamp is principally in the deep red where the luminosity is very low. 

INSTALLATION 

The control of light is not independent of the installation, for the 
same equipment may give quite different results if used under varying 
conditions. The size of the room, the character of the light distribu- 
tion from the equipment, and the color of the finish on the ceiling and 
side wall all lead to a coefficient called the utilization factor which, 
multiplied by the equipment efficiency, gives the coefficient of utilizor 
tion. 

The coefficient of utilization of a lighting installation on a given 
plane is the total flux received by that plane divided by the total flux 
from the light sources. When not otherwise specified, the plane of 
reference is assumed to be a horizontal plane 30 in. from the floor. 
The resultant illumination from the installation is the average il- 
lumination, and to describe how effective this average illumination is, 
the following terms of variation are used: 

1. Variation factor of an illumination installation is the ratio of 
either the maximum or minimum illumination on the given plane to 
the average illumination on that plane. 

2. Variation range of illumination on a given plane is the ratio of 
the maximum illumination to the minimum illumination on that plane. 

16. Room Index. In general, large rooms use light more effici- 
ently than do small rooms, because there is less wall area to absorb 
light in proportion to the floor space. Raising the light source tends 
to increase the proportion of wall area to floor area, and thereby re- 
duces the relative efficiency of high-bay installations. 

The room index is approximately equal to the width of the room 
divided by the hei^t, but for determining the room index where the 
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elevation of the work surface varies and the lamp mounting varies, 
the following two expressions are used: 

a. Direct, semi-direct, and general diffusing units, 

. room width (w) 

room m ex.« ^ ^ height from plane of work to lamps {hd) 


5. Semi-indirect and indirect units, 

. 0.75 X room width (w) 

room m ex « plane of work to ceiling) (/i,) 


The above values are for rooms that are* square. There are some em- 
pirical forms that approximate closely the room index for rectangular 
rooms. The method which has proved to be the most nearly accurate 
in the investigations of Harrison and Anderson, in which the utiliza- 
tion coefficients for the room were used, is described in Art. 18. 

Two sets of expressions are often given. 


a. 


RI - 


0.9tiJ + O.li 
H 


where w is the width of the room, I the length of the room, and H 
the height of the room (floor to ceiling). This form is good for both 
the direct and indirect equipment if normal mountings for direct units 
are used. 


b, RI 



direct units 


RI = 


O.SvVJ 

H 


indirect units 


where is the mounting height of the direct unit. The last two 
forms will give values slightly higher than those in the tables; the 
first and simpler general form gives values closely approximating those 
of the table. It is affected more than the latter, however, by varia- 
tions in mounting height. Table III-7 gives values of room index for 
the usual room proportions found in practice. The use of these tables, 
though not as accurate as some other methods, is quick and of com- 
parable accuracy with the other factors involved in a practical lighting 
problem. The architect and engineer should not lose sight of the fact 
that illumination must be either doubled or halved before the change 
is appreciable to the eye. For this reason, it seems unnecessary to 
discuss seriously a difference of a few per cent. 


Example a. Determine the room index for a room 12 ft. high, 20 ft. 
wide, and 20 ft. long with the work surface at 30 in. and a unit mounted at 
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TABLE 

Room Ihdbx for Narrow and Average Rooms 


FEET 


Bkiuipment A* ) 

Um OeUinf Height ) 

9 and 
9H 

10 to 

IIH 

12 to 

13H 

14 to 
16)^ 

17 to 
20 

21 to 
24 

25 to 
30 



rSET 

Equipmmit Bf) 

Use Mounting Height I 

7 and 

8 and 

9 and 

10 to 

12 to 

14 to 

17 to 

7H 


9H 

IIJ^ 

13H 

16H 

20 

Room Width 
(Feet) 

Room Length 
(Feet) 

BOOM INDEX 


8-10 

1.0 

0.8 

0.6 

0.6 





10-14 

1.0 

0.8 

0.8 

0.6 




9 

14-20 

1.2 

1.0 

0.8 

0.6 

0.6 



(6H-9H) 

20-30 

1.2 

1.2 

1.0 

0.8 

0.6 

0.6 


30-42 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 

0.6 


42-ttp 

2.0 

1.5 

1.2 

1 0 

0.8 

0.6 

0.6 


10-14 

1.2 

1.0 

0.8 

0.6 

0.6 




14-20 

1.2 

1.0 

0.8 

0.6 

0.6 

0.6 


10 

20-30 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 


(9H-10H) 

30-42 

1.5 

1.2 

1.2 

1.0 

0.8 

0.6 

0.6 

42-60 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 


60-up 

2.0 

1.5 

1.5 

1.0 

1.0 

0.8 

0.6 


10-14 

1.2 

1.0 

0.8 

0.8 

0.6 

0.6 



14-20 

1.5 

1.2 

1.0 

0.8 


0.6 


12 

20-30 

1.5 

1.2 

1.2 

1.0 

0.8 

0.6 

0.6 

(n-i2M) 

30-42 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 

42-60 


1.5 

1 5 

1.2 



0.6 


60-up 

2.0 


1.5 

1.2 

1.0 

0.8 

0.6 


14-20 

1.5 

1.2 

1.0 

■nviHi 

0.8 

0.6 

0.6 


20-30 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 

14 

30-42 

2.0 

1.5 

1.5 

1.2 


0.8 

0.6 

(13-15H) 

42-60 

2.0 


1.5 

1 5 


0.8 

0.6 

60-90 

2.5 

2.0 

2.0 

1.5 

1.2 

1.0 

0.6 


90-up 

2.5 

2.0 

2.0 

1.5 

1.5 

1.2 

0.8 


14-20 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 


20-30 

2.0 

1.5 

1.5 

1.2 


0.8 

0.6 

17 

30-42 

2.5 

2.0 

1.5 

1.2 


1.0 

0.6 

(16-18)4) 

42-60 

2.5 

2.0 

2.0 

1.5 

1.2 

1.2 

0.8 


60-110 

2.5 

2.0 

2.0 

1.5 

1.2 

1.2 

0.8 


110-up 

3 0 

2.5 

2.0 

2.0 

1.5 

1.2 

1.0 


20-30 

2.5 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 


30-42 

2.5 

2.0 


1.5 

1.2 

1.0 

0.8 

20 

42-60 

2.5 

2.5 

2 0 


1.5 

1.2 

0.8 

(19-21 M) 

60-90 

3.0 

2.5 

2.0 

2.0 

1.5 

1.2 



90-140 

3.0 

2.5 

2.5 

2.0 

1.5 

1.5 



140-up 

3.0 

2.5 

2.5 

2.0 

1.5 

1.5 



20-30 

2.5 

2.0 

2.0 

1.5 

1.2 

1.0 

0.8 

24 

30-42 

3.0 

2.5 

2.0 

1.5 

1.2 

1.2 

0.8 

42-60 

3.0 

2.5 

2.5 

2.0 

1.5 

1.2 


(22-26) 

60-90 

3.0 

2.5 

2.5 


1.5 

1.5 

1.0 


90-140 

3.0 

3.0 

2.5 

2.0 

2.0 

1.5 

1.2 


140-up 

3.0 

3.0 

2.5 

2.0 

2.0 

1.5 

1.2 


30-42 

3.0 

2.5 

2.5 

2.0 

1.5 

1.2 


30 

42-60 

3.0 

3.0 

2.5 

2.5 

1.5 

1.5 


60-90 

4.0 

3.0 

3.0 

2.5 

2.0 

1.5 

1.2 

(27-33) 

90-140 

4.0 

3.0 

3.0 

2.5 

2.0 

2.0 

1.5 


140-180 

4.0 

3.0 

3.0 

2.5 

2.0 

2.0 

1.5 


180-up 

4.0 

3.0 

3.0 

2.5 

2.0 

■QQIII 

1.5 


30-42 

4.0 

3.0 

2.5 

2,0 

1.5 

1.5 

1.0 

36 

42-60 

4.0 

3.0 

3.0 

2.5 

2.0 

1.5 

1.2 

60-90 

5.0 

3.0 

3.0 

3.0 

2.0 

2.0 

1.5 

(34-39) 

90rl40 

5.0 

4.0 

3.0 

3.0 

2.5 

2.0 

1.5 


140-200 

5.0 

4.0 

3.0 

3.0 

2.5 

2.0 

1.5 


200-up 

5.0 

4.0 

3.0 

3.0 

2.5 

2.0 

1.5 


42-60 

5.0 

4.0 

3.0 





40 or more 


5.0 

4.0 

4.0 

These values are given 

on 


5.0 

4.0 

4.0 







5.0 

5.0 

4.0 


the opposite page 



200-up 1 

5.0 

5.0 

4.0 
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III-7 

Room Index for Large Hkjh Rooms 


FEET 


Equipment A * 1 

Use Ceiling Height ) 

Equipment Bt | 

Use Mounting Height J 

14 to 
16H 

17 to 
20 

21 to 
24 

25 to 
30 

31 to 
36 

37 to 
50 

' 


FEET 

10 to 
nVi 

12 to 

im 

14 to 

16H 

17 to 
20 

21 to 
24 

25 to 
30 

31 to 
36 

37 to 
50 

Room Width 
(Feet) 

Room length 
(Feet) 

ROOM INDEX 


14-20 

1.0 

0.8 

0.6 

0.6 






20-30 

1.0 

0.8 

0.6 

0.6 





14 

30-42 

1.2 

1.0 

0.8 

0.6 

0.6 




(13-15H) 

42-60 

1.5 

1.0 

0.8 

0.6 

0.6 

0 6 




60-90 

1.5 

1.2 

1.0 

0.6 

0.6 

0 6 




90-up 

1.5 

1.5 

1.2 

0.8 

0.6 

0 6 




14-20 

1.0 

0.8 

0.6 

0.6 






20-30 

1.2 

1.0 

0.8 

0.6 





17 

30-42 

1.2 

1.0 

1.0 

0 6 

0.6 

0.6 



(16-18H) 

42-60 

1.5 

1.2 

1.2 

0.8 

0.6 

0.6 

0 6 



60-110 

1 .5 

1.2 

1.2 

0.8 

0.6 

0.6 

0.6 



1 10-up 

2.0 

1.5 

1.2 

1.0 

0.8 

0 6 

0.6 



20-30 

1.2 

1.0 

0.8 

0.6 

0.6 





30-42 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 



20 

42-60 

2.0 

1.5 

1.2 

0.8 

0.6 

0.6 

0.6 


(19-213^) 

60-90 

2.0 

1.5 

1.2 

1.0 

0.6 

0.6 

0.6 



90-140 

2.0 

1 5 

1.5 

1.0 

0.8 

O.S 

0.6 

0.6 


140-up 

2 0 

1 5 

1.5 

1.0 

1.0 

0.8 

0 6 

0.6 


20-30 

1 .5 

1 2 

1 ,0 

0.8 

0.6 

0.6 




30-42 

1.5 

1.2 

1.2 

0.8 

0.6 

0.0 



24 

42-60 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 


(22-26) 

60-90 

2.0 

1.5 

1 .5 

I.O 

0.8 

0.6 

0 6 

0.6 


90-140 

2.0 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 


14Q-UP 

2.0 

2.0 

1.5 

1.2 

1.0 

0.8 

0.8 

0.6 


30-42 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 



42-60 

2.5 

1.5 

1.5 

1.0 

1.0 

0.8 

0.6 


30 

60-90 

2.5 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0,6 

(27-33) 

90-140 

2.5 

2.0 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 


140-180 

2.5 

2.0 

2.0 

1.5 

1.2 

1.0 

0 8 

0.6 


180-up 

2.5 

2.0 

2.0 , 

1.5 

1.2 

1.0 

0.8 

0 6 


30-42 

2.0 

1.5 

1.5 

1.0 

0.8 

0.8 

0.6 



42-60 

2.5 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 

36 

60-90 

3.0 

2.0 

2.0 

1.5 

1 .0 

1.0 

0.6 

0.6 

(34-39) 

90-140 

3.0 

2.5 

2.0 

1.5 

1.2 

1 .0 

0 8 

0.6 


140-200 

3.0 

2.5 

2.0 

1.5 

1 . 5 

1.2 

1.0 

0.8 


200-up 

3.0 

2.5 

2.0 

1.5 

1.5 

1.2 

1.0 

0.8 


42-60 

3.0 

2.0 

1,5 

1.2 

1.0 

0.8 

0.8 

0.6 

AO 

60-90 

3.0 

2.5 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

fAf\ M e\ 

90-140 

3.0 

2.5 

2.5 

2.0 

1.5 

1.2 

1.0 

0.6 


140-200 

3.0 

2.6 

2.5 

2.0 

1.5 

1.2 

1.0 

0.8 


200-up 

3.0 

2.6 

2.5 

2.0 

1.5 

1.5 

1.2 

0.8 


42-60 

3.0 

2.5 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 


60-90 

3.0 

3.0 

2.6 

1.5 

i.5 

1.2 

1.0 

0.6 

o\j 

90-140 

3.0 

3.0 

2.6 

2.0 

1.6 

1.5 

1.2 

0.8 

\40 

140-200 

3.0 

3.0 

2.5 

2.0 

2,0 

1.5 

1.2 

0.8 


200-up 

3.0 

3.0 

2.5 

2.0 

2.0 

1.5 

1.2 

1 0 


60-90 

4.0 



2.0 

1.5 

1.2 

1.0 

0.8 

60 

90-140 

4.0 



2.5 

2.0 

1.5 

1.2 

1 0 

(56-07) 


4.0 



2.5 

2.0 

1.5 

1 5 

1.0 


200-up 

kw|BI 



2.5 

2.0 

2.0 

1.5 

1.0 


60-90 

5,0 1 

4.0 

a.o 

2.5 

2.0 

1.5 

1.2 

0.8 

75 

90-140 


4.0 

3.0 

2.5 

2.0 

1.5 

1.5 

1.0 

(68-90) 

140-200 

5.0 


4.0 

3.0 

2.5 . 

2.0 

1.5 

1.2 


200-up 

5.0 

4.0 

4.0 

3.0 

2.5 

2.0 

1.6 

1.2 


60-90 

5.0 

4.0 

3.0 

2.5 

2.0 

1.5 

1.2 

1.0 


90-140 

6.0 

5.0 

4.0 

3.0 

2.5 

2.0 

1.5 

1.2 

\ r\j or niorc 

140-300 

S.O 

5.0 

4.0 

3.0 

2.5 

2.0 

1.5 

1.2 


200-up 

6.0 

5.0 

4,0 

3.0 

3.0 

2.5 

2.0 

1.5 


PiOTii-indirect, indirect. 

Direct, cenu-^rect, general diffusing, luminous elements. 





192 


LIGHT CONTROL 


ft, (a direct system). Use the various forms given and compare with 
Table III-7. 

w 20 
H ^12 


RI 

RI 


1.67 


0,9w + O.IZ 20 , 

g^ = -=1.67 


RI - 


w 


20 


2hd 2X7 


= 1.43 


RI = 


o.eVwi _ ji2 
hm 9.5 
Table III-7 - 1.5 


= 1.26 


Example b. Assume the room in Example a to he 40 ft. long, then deter- 
mine the room index by the various methods and compare with Table III-7. 


RI^ 


0.9w;+0.H 22 


H 


12 


- 1.83 


= 1.79 

h„ 9.5 

Table III-7 = 2.0 


The empirical forms have been set up for reasonable conditions; 
they give fairly accurate results up to the point where the length does 
not exceed 10 times the mounting or ceiling height. 

16. Candlepower Distribution Curves. The general shape of the 
candlepower distribution curve determines the type of illumination 
that may be expected. The control of the efficiency of the installation 
depends upon which zones deliver the greater part of the illumination. 
The test data associated with the curve allow the unit to be properly 
classified into the general groups previously given. If the particular 
equipment has been designed and does not belong to any one of the 
standard groups of equipment, the utilization factors and the coeflScient 
of utilization may be determined from the distribution curve. The 
calculations for the coefficients and factors will be discussed in Art. 18. 


17. The CeiUng and Side Walls as Reflecting Surfaces. A paint 
finish in a room has two major functions in light control: that of 
hiding (the elimination of undesirable surface conditions) and that 
of reflecting light. The economic value of paint lies in its ability to 
perform these two functions with high efficiency/ at a low cost per 
square foot. Figure ll~7a shows the changes taking place in a black- 
and-white squares test imder brush-out tests, and curves on Fig. ll~-7b 
show the effect of age upon paint. 
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TABLE IV-7« 

Rbflbction Factors for Light from Incandescent Lamps 


Paint 


Class 

Color 

Per Cent 

Class 

Color 

Per Cent 


Gloss white 

84 


Bright sage and 



Flat white 

82 


ivory tan 

48 


Eggshell white 

81 


Medium gray 

44 

Very 

Ivory white 

80 

Fairly 

Buff stone 

41 

Light 

Caen stone 

76 

Dark 

French gray 

40 

(70% 

Primrose 

78 

(50% 

Pale azure 

40 

and 

Pefiwrl gray 

72 

to 

Buff stone and 


up) 

Ivory 

71 

30%) 

pale azure 

39 


Very light gray 

70 


Bronze 

38 


Cream 

70 


Sky blue 

37 





Tan 

35 


Aluminum 

65 


1 



Buff 

64 





Lichen gray 

63 




Fairly 

Ivory tan 

63 

Very 

Dark gray 

28 

Light 

Light gray 

60 

Dark 

Olive green 

21 

(70% 

Satin green 

56 

(30% 

Forest green 

20 

to 

Pale azure and 


and 

Cardinal red 

20 

50%) 

white 

55 

down) 

Very dark gray 

19 


Shell pink 

Silver gray and 

54 


Cocoanut brown 

19 


caen stone 

52 





Others 


Class 

Material 

Per Cent 

Very light 

White paper i 

80 

Fairly light 

Light wall paper 

50 

Fairly dark 

Light oak wood 

34 

Very dark 

Dark wall paper 

25 


Natural cement 

25 


Dark oak wood 

13 


Natural brick 

13 


Books 

10 


Mahogany wood 

8 


Walnut wood 

“ 7 


The color of the paint is another important factor of light control 
in the room. Table IV-7 gives the reflection factors for paints and 
other materials used for inside finish when the exciting source is in- 
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candescent lighting. The character of the spectral distribution of light 
is very important in determining the reflectance of any colored surface. 
Fig. 12~7 shows the light reflecting characteristics of various types of 
wall paint as influenced by time. 

The paints used on wall surfaces should have aesthetic value as 



Theoref/ca/JJ/Hma^Mt 




or 2% 

'Error t/7 i/tsuetl 
Compcrnsof? 
of Hictmg 




- Square Pomf of Pracf/ca/~ 

I I , I 0i>/ iter at for} 


moz mo4 mo€> 0.0008 

fiim T/7ickr7ess in inches 

j j t I I 

ioocioo^sbo zoo it 

Square Feef per Oaiior? 


Age in Dai, 
S'' 



200 400 600 $00 

Square Feef per Gaiior? 

(b) 


Fig. 11^7.® (a) Changes taking place in light reflection in black and white squares 
of standard brush-out test. (6) Effect of time on the light reflection from a white 

eggshell paint. 

well as the property of light reflection. Using light color paints re- 
duces the brightness contrast between the window and wall surface 


Aqe, in Da{ 



No.hFlcrf, No,2'£ggst>eii(liiati/r<fi mtfes) 
s^AioJ-0/oss,/ta4Fggs/>e/i, No.5-Flort, 
(AH 3 Siiqhfig Biueif) 



AiaS-Giass (VP/te 


200 404 600 300 

Square Feef per Gaiior? 

(a) 


No. 6-£gqstfe/i, (Poor Qua//fu) 

L— J_1j >,J 

iOO aoo 300 400 500 

Aqe Jr? Days 

(t) 


Fig. 12-7.® (a) Per cent light reflection of paint with age for different film thick- 
nesses. (6) Per cent light reflection with age for different qualities of paint. 

and provides a high utilization of artificial light. The color scheme 
may also be extended to work surfaces and machines to improve visi- 
bility by proper contrasts. Paint specifications which are adjusted to 
a scheme of better lighting recommend ceiling reflection factors of 75 
per cent or more and side wall reflection factors of from 50 to 60 per 
cent. 
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Ceilings are preferably painted an off-white, but tints may be used 
for decorative effects and these should be bluish white, light cream, or 
ivory. The walls should be tinted, for bright and very light surfaces 
may cause an annoying glare; the portion of a room below the eye 
level may be dark in color. Where warmth and cheer are desired, buff 
colors with very little yellow may be used; cool effects can be obtained 
by using combinations predominantly blue or green. If the ceiling 
and side walls are kept within the limits given above, the color tem- 
perature of the room will be about 100® K b(4ow that of the source of 
illumination used. 

18. Utilization Factors and Coefficients of Utilization. If the utili- 
zation factor for a specific equipment in a room can be determined, it 
is a simple matter to determine the average foot-candles, and the de- 
sign of the lighting system is relatively simple. The conditions existing 
in a rectangular room with its multiple reflections are far too compli- 
cated to be expressed by means of a mathematical expression. The 
determination of light control and of the resultant effects of illumina- 
tion by empirical methods was initiated by Ward Harrison and E. A. 
Anderson (1920).* These methods are capable of giving high degrees 
of accuracy, but are reduced to table form in manufacturers^ publica- 
tions, the normal inaccuracy of which will probably not exceed an 
error of 10 per cent; however, the error may be as much as 50 per 
cent in extreme cases. Familiarity with the original data will be useful 
in determining the performance of equipment for which candlepower 
distribution curves can be predicted or of new equipment for which 
the distribution curves have already been calculated. 

The method consists of analyzing the candlepower distribution into 
three components (types of lighting to illuminate the work surface): 
indirect, horizontal, and direct. The direct component is in turn 
divided into three types of distribution: broad, medium, and narrow. 
This classification is based upon the following arbitrary percentage of 
flux in the 0®-40° zone: 

Broad 35-40% 

Medium 40-45% 

Narrow 45-50% 

(left, center, and right figures, Table V-7) determined from the fol- 
lowing expression: 

. lumens in 0®-40° zone 
percen age * o®-90® zone 

• /. E. 8, TVoim., March, IMO. v. 25, No. 2, p. 97. 
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TABLE V-7 

Component Utilization Factors 

Ceiling Reflection Factor 0% 


Wall 

reflection 

0 % 

10% 

10% 

B0% 

40% 

#0% 

•0% 

70% 

•0% 

factor 










R1 


Utilization Factor 



Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


0.90 

Hor. 


08 



04 



06 



06 



07 



09 



11 



IS 



18 



Dir. 

19 

84 

29 

20 

86 

30 

23 

87 

31 

25 

89 

33 

28 

88 

36 

33 

86 

39 

37 

40 

43 

41 

44 

47 

48 

50 

52 


lad. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


0.60 

Hor. 


06 



07 



08 



09 



10 



18 



14 



17 



80 



Dir. 

28 

83 

38 

29 

34 

39 

32 

36 

40 

34 

38 

42 

37 

41 

45 

41 

44 

47 

45 

48 

51 

49 

08 

55 

56 

58 

60 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


0.70 

Hor. 


08 



09 



10 



11 



13 



16 



17 



80 



83 



Dir. 

35 

40 

45 

36 

41 

46 

39 

43 

47 

41 

46 

49 

44 

48 

52 

48 

61 

54 

52 

66 

58 

56 

09 

62 

62 

84 

66 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


O.BO 

Hor. 


09 



10 



11 



18 



14 


52 

16 



19 



88 



80 



Dir. 

41 

46 

51 

42 

47 

52 

44 

48 

52 

46 

60 

54 

48 

68 

56 

66 

58 

55 

68 

61 

59 

68 

65 

65 

67 

69 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


0.90 

Hor. 


10 



11 



18 



13 



16 



17 



80 



88 



88 



Dir. 

45 

a 

55 

46 

61 

56 

48 

68 

56 

49 

63 

57 

51 

56 

59 

54 

67 

60 

57 

60 

63 

61 

64 

67 

67 

69 

71 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


1.00 

Hor. 


11 



18 



13 



14 



16 



18 



81 



84 



87 



Dir. 

48 

53 

58 

m 

64 

59 

51 

56 

59 

52 

66 

60 

53 

67 

61 

56 

69 

62 

59 

68 

65 

62 

65 

68 

68 

70 

72 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 





1.10 

Hor. 


18 



13 



14 



16 



17 



19 



88 



85 



88 



Dir. 

50 

55 

60 

51 

66 

61 

53 

57 

61 

54 

68 

62 

55 

69 

63 

58 

61 

64 

60 

68 

66 

63 

66 

69 

69 

71 

73 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


1.80 

Hor. 


18 



14 



16 



16 



18 



80 



88 



86 



89 



Dir. 

53 

58 

63 

54 

09 

64 

56 

60 

64 

57 

61 

65 

58 

68 

66 

61 

64 

67 

63 

66 

69 

66 

69 

72 

71 

78 

75 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


1.00 

Hor. 


15 



16 



17 



18 



80 



88 



86 



88 



81 



Dir. 

57 

68 

67 

58 

63 

67 

60 

64 

68 

61 

65 

69 

62 

66 

69 

65 

68 

71 

67 

70 

73 

70 

78 

76 

74 

78 

78 


Ind 


.0 



.0 



"T 



.0 



.0 



.0 



.0 



.0 



"T 


1.75 

Hor. 


17 



18 



19 



80 



88 



84 



86 



89 



88 



Dir. 

m 

66 

70 

62 

67 

70 

64 

68 

71 

65 

69 

72 

66 

70 

73 

69 

78 

75 

71 

74 

76i 

73 

76 

78 

76 

78 

80 


l^d. 


.0 



il 



K3 



.0 



.0 



.0 



.0 

1 


.0 



.0 


8.00 

Hor. 


19 



80 



81 



88 



84 



36 



88 

1 


80 



S3 



Dir. 

64 

69 

73 

65 

yj 

73 

67 

71 

74 

68 

78 

75 

69 

78 

76 

71 

74 

76 

73 

76 

78 

75 

78 

80 

78 

80 

82 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


8.85 

Hor. 


81 



38 



83 



84 



85 



87 



89 



81 



84 



Dir. 

67 

78 

75 

68 

73 

76 

70 

74 

77 

71 

76 

78 

73 

76 

78 

74 

77 

79 

75 

78 

80 

78 

80 

82 

80 

88 

83 


Ind. 


.0 



.0 


■ 

K] 

■ 


.0 



.0 



.0 



.0 




i 


"T 


8.50 

Hor. 


88 



88 



Bl 

■ 


85 



86 



88 



SO 



88 



35 



Dir. 

70 

74 

77 

71 

70 

78 

m 

m 

m 

74 

77 

79 

75 

78 

80 

76 

79 

81 

78 

80 

82 

79 

81 

83 

81 

88 

84 


Ind. 


.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 



.0 


8.00 

Hor. 


85 



86 



87 



88 



89 



80 



38 



U 



88 



Dir. 

73 

77 

79 

74 

77 

79 

75 

78 

80 

76 

79 

81 

77 

80 

82 

79 

81 

83 

80 

88 

83 

81 

88 

84 

83 

80 

86 


Ind. 


.0 



.0 



.0 



.0 



.0 



lo 



.0 


■ 

.0 



_ 


8.50 

Hor. 


87 



87 



88 



89 



30 



81 



38 



80 



87 



Dir. 

76 

79 

81 

76 

79 

81 

78 

80 

82 

79 

81 

S3 

80 

88 

83 

81 

88 

84 

82 

84 

m 

ll 

85 

86 

85 

87 

88 


Ind. 


"oT 



.0 



.0 



.0 






.0 


■ 



■ 

_ 



~o" 


4.00 

Hor. 


89 



89 



80 



30 



31 



88 


m 

34 


m 

88 



88 



Dir. 

78 

81 

83 

79 

81 

83 


88 

84 

81 

88 

84 

82 

84 

85 

83 

85 

86 

9 

88> 

87 


87 

88 

87 

88 

89 


Ind. 


.0 



.0 



.0 



.0 



"5” 



.0 



.0 



.0 



.0 


5.00 

MSB 


81 



81 



88 



88 



88 



84 



85 



88 



88 




81 

88 

84 

81 

88 

84 

82 

84 

85 

83 

80 

86 

84 

86 

87 

85 

86 

87 

86 

87 

88 

87 

88 

89 

88 

89 

00 


RI — Room Index 
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Table V-7 (Continued) 


Ceiling Reflection Factor 10% 


WoU. 






n 



1 


' " 




““ 



— 




sss 



srssss 


reflection 

ftctor 


0 % 


10% 

80% 

10% 


40% 


10% 


60% 


T0% 


«o% 


RI 


Utilization Factor 


Ind. 


.01 



.01 



.08 



m 



.08 






.08 



.04 


.04 


0.50 

Hor. 


04 



05 



05 



07 



08 



10 



12 



15 


19 



Dir. 

19 

84 

29 

21 

85 

31 

24 

88 

32 

26 

m 

34 


88 

37 

34 

87 

40 

38 

41 

44 

42 

45 

48 

49 51 

63 


Ind. 


.08 



.08 



.08 



.08 






.08 



.04 



.04 


.04 


0.50 

Hor. 


07 



08 



09 



Eia 



11 



18 



15 



19 


28 



Dir. 

28 

88 

38 

30 

85 

40 

33 

87 

41 

35 

39 

43 

38 

42 

46 

42 

45 

48 

46 

49 

62 

50 

58 

66 

57 59 

61 


Ind. 


.08 



.08 



.08 



.08 



.08 



.08 



.04 



.04 


.06 


0.70 

Hor. 


09 



10 



11 



12 



14 



15 



19 



28 


25 



Dir. 

35 

40 

45 

36 

41 

46 

39 

48 

47 

41 

45 

49 

44 

48 

52 

48 

51 

54 

52 

56 

58 

56 

59 

62 

63 56 

67 


Ind. 


.08 



.08 



.08 



.08 



.08 



.04 



.04 



.05 




0.80 

Hor. 


10 



11 



18 



18 



15 



17 



20 



24 





Dir. 

41 

45 

51 

42 

47 

52 

44 

48 

62 

46 

50 

54 

48 

52 

56 

52 

55 

58 

55 

68 

61 

59 

52 

65 




Ind. 


.09 



.08 



.08 



.03 



m 



.04 



.04 



.06 


IE3 


0.90 

Hor. 


11 



18 



18 



14 



15 



19 



22 



26 





Dir. 

45 

50 

55 

46 

51 

56 

48 

58 

56 

49 

58 

67 

51 

55 

59 

54 

57 

60 

57 

50 

63 

61 

54 

67 




Ind. 


.08 



.08 



.08 



.04 



.04 



.04 



.06 



.05 


.05 


1.00 

Hor. 


18 



18 



14 



15 



17 



wrm 



28 



85 


80 



Dir. 

48 

58 

58 

49 

54 

69 

51 

55 

59 

52 

55 

60 

53 

57 

61 

56 

69 

62 

59 

52 

65 

63 

55 

69 

69 71 

73 


Ind. 


.08 



.08 



.08 



.04 



.04 



.04 



.06 



.05 


.05 


1.10 

Hor. 


18 



14 



15 



15 



18 



21 



24 



27 


81 



Dir. 

50 

55 

60 

51 

55 

61 

53 

57 

61 

54 

58 

62 

56 

59 

63 

58 

51 

64 

61 

54 

67 

66 

58 

71 

70 72 

74 


Ind. 


.08 



.08 



.04 



.04 



.04 



ETI 



.06 



.05 


.05 


1.85 

Hor. 


15 



15 



17 



18 



80 



23 



25 



29 


88 



Dir. 

53 

58 

63 

54 

59 

64 

56 

50 

64 

57 

51 

65 

58 

52 

66 

61 

54 

67 

64 

57 

70 

67 

70 

73 

72 74 

76 


Ind. 


.08 



.04 



.04 



.04 



.05 



.05 



.06 



.05 


.05 


1.50 

Hor. 


17 



18 



19 



80 



22 



26 



28 



81 


85 



Dir. 

57 

58 

67 

58 

53 

67 

60 

54 

68 


69 

62 

55 

69 


58 

71 

67 

70 

73 

70 

78 

76 

75 77 

79 


Ind. 


.04 



.04 



.04 






.05 



.06 



.05 



.05 


.07 


1.75 

Hor. 


19 



80 



81 



a8\ 



84 



27 



80 



88 


85 



Dir. 

61 

55 

70 

62 

57 

70 

64 

58 

71 

65 

69 

^72 

66 

70 

73 

69 

72 

75 

71 

74 

76 

73 

75 

78 

77 79 

81 


Ind. 


.04 



.04 



.05 



.05 



.05 



.05 



.05 



.07 


.07 


9.00 

Hor. 


81 



88 



88 



84 



85 



88 



81 



84 


87 



Dir. 

.. 

64 

59 

73 

65 

70 

73 

67 

71 

74 

68 

78 

75 

69 

78 

76 

72 

76 

77 

73 

75 

78 

76 

78 

80 

79 81 

83 


Ind. 


.04 



.05 



.05 



.05 



.05 



.05 



.05 



nr 


.07 


1.85 

Hor. 


88 



84 



85 



85 



88 



80 



82 



85 


88 



Dir. 

67 

78 

75 

68 

78 

76 

70 

74 

77 

71 

75 

78 

73 

75 

78 

75 

78 

80 

76 

79 

81 

78 

80 

82 

81 88 

85 


Ind. 








nr 



.05 



.05 



.05 



nr 



nr 


.08 


8.50 

Hor. 


80 



85 



87 



88 



80 



82 



84 



85 


89 



Dir. 

70 

74 

77 

71 

75 

78 

72 

75 

78 

74 

77 

79 

75 

78 

80 

77 

80 

82 

79 

81 

83 

80 

82 

84 

82 84 

86 


Ind. 


.05 



.05 



.05 



.05 



.05 



.07 



.07 



.07 


.08 


8.00 

Hor. 


87 



88 



89 



80 



88 



84 

1 


85 



88 


40 



Dir. 

74 

77 

79 

74 

77 

79 

75 

78 

80 

76 

79 

81 

77 

80 

82 

80 

88 

84 

81 

88 

84 

82 

84 

85 

84 85 

87 


Ind. 


.05 



.05 



.05 



.05 



.07 



.07 



.07 



.08 


.08 


8.50 

Hor. 


19 



80 



81 



88 



88 



85 



87 



89 


41 



Dir. 

76 

T9 

81 

76 

79 

81 

78 

80 

82 

79 


83 

80 

88 

83 

82 

84 

85 

83 

86 

86 

84 

85 

87 

86 88 

89 


Ind. 





nr 



nr 



.07 



nr 



.07 



nr 



nr 


.08 


4.00 

Hor. 


81 



88 



88 

1 


U 



85 



85 



88 



40 


41 



Dir. 

78 

81 

83 

79 

81 

83 

80 

81 


81 

88 

84 

82 

84 

85 

83 

85 

86 

84 

85 

87 

86 

87 

88 

88 89 

90 


Ind. 


MB 



.05 



.07 



.07 



nr 

1 


.08 



nr 



.08 


.09 


5.00 

Hor. 


88 



84 



85 



85 



87 



88 



89 



41 


48 



Dir. 

81 

88 

84 

81 

•8 

84 

82 

84 

8S 

83 

85 

86 

84 

85 

87 

86 

87 

88 

87 

88 

89 

88 

89 

90 

89 90 

91 


RI — Room Index 
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LIGHT CX)NTROL 


Table V-7 (Continued) 
Ceiling Reflection Factor 20% 


Wall 

reflection 

0% 

10% 

20% 

20% 

40% 

20% 

40% 

T0% 

S0% 

factor 










RI 


Utilization Factor 



Ind. 


.02 



.08 



.03 



.04 



.04 



.04 



.09 



.09 

.07 


0.90 

Hor. 


04 



09 



09 



07 



10 



12 



14 



17 

21 



Dir. 

19 

24 

29 

21 

29 

31 

24 

28 

32 

26 

30 

34 

29 

83 

37 

34 

87 

40 

38 

41 

44 

42 

49 48 

49 91 

53 


Ind. 


.0$ 



.04 



.04 



.09 



.09 

■ 

■ 

.09 



.07 



.08 

.09 


0.90 

Hor. 


08 



EE 



10 



11 



18 

m 

'■ 

10 



18 



22 

29 



Dir. 

28 

83 

38 


39 

40 

33 

87 

41 

35 

89 

43 

38 

42 


42 

49 

48 

46 

49 

62 

50 

03 56 

57 99 

61 


Ind. 


.04 



.04 



.09 



.09 



.09 



.09 



.07 



.08 

.10 


0.70 

Hor. 


10 



11 



12 



13 



19 



17 



20 



24 

28 



Dir. 

35 

40 

45 

37 

42 

47 

40 

44 

48 

42 

49 

50 

45 

49 

53 

49 

02 

55 

53 

99 


57 

90 63 

63 98 

67 


Ind. 


.04 



.09 



.09 



.09 



!o9 



.07 



.08 



.09 

.10 


O.BO 

Hor. 


11 



12 



18 



14 



19 



19 



22 



29 

30 



Dir. 

41 

49 

51 

42 

47 

52 

44 

48 

52 

46 

90 

54 

49 

93 

57 

53 

99 

59 

56 

09 

62 

60 

93 66 

66 98 

70 


Ind. 


.09 



.09 



.09 



.09 



.07 



.07 



.08 



.09 

.11 


0.90 

Hor. 


12 



13 



14 



19 



18 



21 



24 



28 

32 



Dir. 

45 

90 

55 

46 

91 

56 

48 

92 

56 

50 

94 

58 

52 

89 

60 

55 

98 

61 

58 

91 

64 

62 

99 68 

68 70 

72 


Ind. 


.09 



.09 



.09 



.07 



.07 



.08 



.09 



.10 

.11 


1.00 

Hor. 


13 



14 



19 



17 



19 



22 



28 



29 

33 



Dir. 

48 

93 

58 

49 

94 

59 

51 

99 

59 

52 

89 

60 

54 

98 

62 

57 

90 

63 

60 

93 

66 

64 

97 70 

70 72 

74 


Ind. 


.09 



.09 



ea 



.07 



.08 



.08 



.09 



.10 

.12 


1.10 

Hor. 


14 



19 



19 



18 



20 



23 



29 



30 

84 



Dir. 

50 

99 

60 

51 

99 

61 

53 

97 

61 

54 

88 

62 

56 

90 

64 

59 

92 

65 

62 

90 

68 

66 

99 72 

71 73 

75 


Ind. 


.09 



.07 



.07 



.08 



m 



.09 



.10 



.11 

.12 


1.29 

Hor. 


19 



17 



18 



20 



22 



29 



28 



32 

39 



Dir. 

53 

98 

63 

54 

99 

64 

56 

90 

64 

57 

91 

65 

59 

93 

m 

62 

99 

68 

65 

98 

71 

68 

71 74 

73 79 

77 


Ind. 


.07 



.07 


• 

.08 



.08 



.09 



.09 



.10 



.11 

.13 


1.90 

Hor. 


18 



19 



21 



23 



29 



28 



31 



34 

38 



Dir. 

57 

92 

67 

58 

98 

67 

60 

94 

m 



m 

63 

97 

70 

66 

99 

72 

68 

71 

74 

71 

74 77 

76 78 

80 




.07 



.08 



.08 



.09 



.09 



.10 





■ 

n 

.13 


1.79 



20 



21 



23 



29 



27 



80 



22 


m 

its 

40 




61 

99 

70 

62 

97 

70 

64 

98 

71 

65 

99 

72 

67 

71 

74 


73 

76 

72 

79 

77 

m 

iQQ 

78 80 

82 


Ind. 


.08 



.09 



.09 



.10 



.10 



.11 



.12 



.12 

.14 


2.00 

Hor. 


22 



23 



29 



27 



29 



32 



89 



28 

41 



Dir. 

64 

89 

73 

65 

70 

73 

67 

71 

74 

68 

72 

75 

70 

74 

77 

73 

79 

78 

74 

77 

79 

76 

79 81 

80 82 

84 


Ind. 


.09 



.09 



.10 



.10 

■ 

■ 

HI 

■ 


.11 



.12 



.18 

.14 


2.29 

Hor. 


24 



29 



27 



29 

H 

■ 


1 


22 



28 



29 

42 



Dir. 

67 

72 

75 

68 

73 

76 

70 

74 

77 

71 

79 

m 

m 

Bl 

E 

76 

79 

81 

77 

80 

82 

79 

81 83 

82 84 

86 


Ind. 


.09 



.10 



.10 



.11 



.11 



jT" 



jlT 



.14 

.18 


2.90 

Hor. 


29 



27 



28 



80 



82 



24 



87 



40 

42 



Dir. 

71 

79 

78 

72 

78 

79 

73 

77 

79 

75 

78 

SO 

76 

79 

81 

78 

81 

83 

80 

82 

84 

81 

82 85 

84 89 

87 


Ind. 


.10 



.11 



.11 



.12 



.12 



.18 



.12 



.14 

.19 


2.00 

Hor. 


29 



20 



31 



33 

m 

m 

m 

■ 


27 



29 



42 

49 



Dir. 

75 

78 

ES 

75 

78 

m 

76 

79 

81 

77 

80 

Si 

m 

yJ 

1 

m 

tt 

85 

82 

84 

85 

83 

89 86 

86 88 

89 


Ind. 





At 



.12 



.12 



.18 



.12 



AA 



.10 

.19 


2.90 

Hor. 


81 



32 



83 



39 



27 



29 



41 



43 

49 



Dir. 

77 

80 

82 

77 

80 

82 

79 

81 

83 

80 

82 

84 

81 

82 

84 

83 

89 

86 

84 

88 

87 

85 

87 88 

88 89 

90 


ESI 


IT 



jlT 



.12 



.12 






iu" 



.18 



.19 

.18 


4.00 



22 



84 



89 



89 



28 



40 



42 



44 

47 



m 

79 

82 

84 

80 

82 

84 

81 

88 

85 

82 

84 

85 

83 

89 

86 

84 

88 

87 

86 

87 

88 

87 

88 89 

89 90 

91 


Ind. 





iir 



AS 



.14 



.14 



.18 



.18 



.18 

.17 


9.00 

Jlor. 


29 



27 



28 



29 



40 



42 



44 



48 

48 



Dir. 

82 

84 

85 

82 

! 

84 

85 

83 

89 

86 

84 

88 

87 

86 

87 

88 

87 

88 

89 

88 

it 

9(J 

89 

90 01 

00 91 

92 


RI— Room Index 
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Table V-7 (Continued) 


Ceiling Reflection Factor 80% 


Wall 

reflection 

factor 

0% 

10% 

80% 

80% 

40% 

80% 

40% 

70% 

80% 

RI 


Utilization Factor 

O.BO 

Ind. 

Hor. 

Dir. 

.04 

00 

19 84 29 

.04 

04 

21 84 31 

.00 

07 

24 SO 32 

.00 

08 

26 80 34 

.04 

10 

29 88 37 

.07 

IS 

34 87 40 

.08 

10 

38 41 44 

.09 

19 

43 44 49 

.11 

84 

50 08 54 

0*10 

Ind. 

Hor. 

Dir. 

.00 

08 

28 88 38 

.00 

Of 

30 80 40 

.04 

10 

33 87 41 


.07 

18 

38 48 46 

.08 

14 

43 44 49 

.09 

19 

47 00 53 

.11 

83 

51 04 57 

.13 

88 

58 40 62 

O.TO 

Ind. 

Hor. 

Dir. 

.04 

11 

35 40 45 

.04 

18 

37 48 47 

.07 

18 

40 U 48 

m 

.08 

14 

45 49 53 

M 

19 

49 08 55 

.10 

88 

53 04 59 

.18 

84 

57 60 63 

.14 

81 

64 44 68 

O.iO 

Ind. 

Hor. 

Dir. 

.04 

IS 

41 44 51 

.07 

18 

42 47 52 

.07 

14 

45 49 53 

.08 

14 

47 01 55 

.09 

18 

50 04 58 

.10 

81 

54 07 60 

.11 

84 

57 40 63 

.13 

SO 

61 44 67 

.10 

S3 

67 49 71 

0.00 

Ind. 

Hor. 

Dir. 

.07 

18 

45 00 55 

.07 

14 

46 01 56 

.08 

14 

48 88 56 



.11 

88 

56 09 62 

.18 

SO 

59 68 65 

.14 

30 

63 44 69 

.14 

SO 

69 71 73 

1.00 

Ind. 

Hor. 

Dir. 

.08 

14 

48 08 58 

.08 

10 

49 04 59 

.09 

17 

51 80 59 

.10 

19 

53 07 61 


.18 

84 

58 41 64 

.13 

ST 

61 44 67 

.10 

81 

65 68 71 

.17 

84 

71 73 75 

1.10 

Ind. 

Hor. 

Dir. 

.00 

10 

50 00 60 

.09 

14 

51 04 61 

.10 

14 

53 07 61 

.10 

80 

55 09 63 

.11 

88 

57 41 65 

.18 

SO 

60 48 66 

.13 

88 

63 46 69 

.10 

38 

66 49 72 

.17 

ST 

72 74 76 

l.U 

Ind. 

Hor. 

Dir. 

.09 

IT 

53 08 63 

Bi 

.11 

80 

56 40 64 


.18 

84 

59 48 67 

.18 

ST 

62 40 68 

.14 

SO 

65 48 71 

.14 

34 

68 71 74 

.14 

89 

74 74 78 

l.iO 

Ind. 

Hor. 

Dir. 

.10 

80 

57 48 67 

.11 

81 

58 48 67 

.18 

88 

60 44 68 

.18 

80 

61 40 69 

.18 

ST 

63 47 70 

.14 

80 

66 49 72 

.10 

83 

69 78 75 

.17 

34 

72 70 78 

.19 

41 

77 79 81 

l.TO 

i 


.18 

88 

62 47 70 

.18 

88 

64 44 71 

m 

.14 

89 

67 71 74 

.10 

88 

70 78 76 

.14 

80 

72 70 77 

.18 

88 

75 78 80 

.80 

48 

79 81 83 

fl.OO 

Ind. 

Hor. 

Dir. 


.18 

SO 

65 70 73 

.14 

87 

67 71 74 

.14 

89 

68 78 75 

.10 

81 

70 74 77 

.14 

84 

73 74 78 

.17 

87 

75 78 80 

.19 

40 

77 80 82 

.81 

40 

81 88 85 

t.tf 

pa 

IHI 

.14 

87 

68 78 76 

.10 

89 

70 74 77 

SiS 

.14 

88 

74 77 70 

.17 

84 

76 79 S\ 

.18 

89 

77 80 82 

.19 

48 

80 88 84 

m 

t.fO 

Ind. 

Hor. 

Dir. 


.10 

89 

72 74 79 

.14 

81 

73 77 79 

.14 

88 

75 78 80 

.17 

77 80 si 

.18 

88 

78 81 83 

.19 

41 

80 88 84 

.80 

44 

82 84 86 

.88 

49 

85 87 88 

8.00 

Ind. 

Hor. 

Dir. 

.14 

81 

75 78 80 

.14 

88 

75 78 80 

.17 

84 

76 79 81 

.17 

84 

77 80 82 

.18 

88 

79 88 84 

.19 

40 

81 88 85 

.80 1 
48 

82 84 8^ 

.81 I 

44 

84 84 871 

.88 

00 

87 89 90 

8.80 

Ind. 

Her. 

Dir. 

.17 

88 

77 80 82 

.17 

77 80 

.18 

84 

79 81 83 

.18 

88 

80 85 84 

.19 

40 

82 U 85 

.80 

U 

83 80 86 

.81 

40 

Si 84 87 

.88 

48 

86 88 89 

.84 

01 

89 90 91 

4.00 

Ind. 

Her. 

Dir. 

m 


.19 

88 

81 88 85 

.19 

40 

82 84 85 

.80 

48 

84 84 87 

.81 

44 

85 87 88 

J8 
* 44 

86 88 86 

.88 

49 

88 89 90 

.U 

88 

90 91 92 

8.00 

Ind. 

Her. 

Dir. 

»0 

82 84 85 

.14 

40 

82 84 85 

.80 

41 

83 80 80 

.81 

a ^ 

84 84 87 

.81 

44 

86 88 89 

.tt 

44 

88 89 00 

.88 

48 

89 90 91 

.U 

80 

90 91 92 

.80 

08 

91 98 93 


RI — ^Room Index 
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LIGHT CONTROL 


Table V-7 (Continued) 
Ceiling Reflection Factor 40% 


Wall 

reflection 

0% 

10% 

*0% 

30% 

40% 

60% 

•0% 

70% 

80% 

factor 










RI 


Utilization Factor 





.08 



.06 



.06 



.06 



.07 



.08 



.10 



.18 



.16 


0.60 



06 



06 



07 



08 



11 



14 



17 



81 



86 



Esa 

19 

84 

29 

21 

86 

31 

24 

88 

32 

26 

80 

34 

29 

88 

37 

34 

87 

40 

38 

41 

44 

43 

46 

49 

50 

68 

54 


Ind. 


.07 



.07 



.08 



.00 



.10 



.11 



.18 



.16 



.18 


0.60 

Hor. 


06 



06 



11 

i 


18 



14 



17 



81 



88 



80 



Dir. 

28 

86 

38 

30 

86 

40 

33 

87 

41 

35 

89 

43 

38 

48 

46 

43 

46 

49 

47 

60 

53 

52 

66 

58 

59 

61 

63 


Ind. 


.08 



.08 



.00 



.10 



.11 



.18 



.14 



.16 



.19 


0.70 

Hor. 


11 



18 



14 



16 



17 



80 



84 



SO 



84 



Dir. 

35 

40 

45 

37 

48 

47 

40 

44 

48 

42 

46 

50 

45 

40 

53 

49 

68 

55 

53 

66 

50 

58 

61 

64 

65 

67 

69 


Ind. 


.06 



.06 



.10 



.11 



.18 



.18 



.16 



.17 



Ho 


0.80 

Hor. 


18 



18 



16 



17 



19 



88 



86 



81 



86 



Dir. 

41 

46 

51 

42 

47 

52 

45 

49 

53 

47 

61 

55 

50 

64 

58 

54 

67 

60 

57 

60 

63 

62 

66 

68 

68 

TO 

72 


Ind. 


.10 



.10 



.11 


■ 

m 

■ 


.18 



.14 



.16 



.18 



dll 


0.60 

Hor. 


14 



16 



17 


1 

Id 

■I 


81 



84 



88 



88 



88 



Dir. 

45 

60 

55 

46 

61 

56 

49 

63 

57 

m 

m 


53 

67 

61 

57 

60 

63 

60 

68 

66 

64 

67 

69 

70 

78 

74 


mm 


.11 



.11 



.18 



.18 



.14 



.16 



.17 


■ 

Ed 

■ 

■ 

Ed 


1.00 

tOSa 


16 



16 



18 



80 



88 



86 



80 


M 

id 

m 

■ 

Id 



ijQl 

48 

68 

58 

49 

64 

59 

52 

66 

60 

53 

67 

61 

55 

69 

63 

59 

68 

65 

62 

66 

68 

m 

□ 

Qy 


D 



Ind. 


.18 



.18 



.18 



.14 



.16 



.16 



.16 



.80 



.a 


1.10 

Hor. 


16 



18 



80 



88 



84 



87 



81 



86 



41 



Dir. 

50 

66 

60 

51 

66 

61 

54 

68 

62 

55 

69 

63 

57 

61 

65 

60 

68 

66 

63 

66 

69 

67 

70 

73 

73 

76 

77 


Ind. 


.18 



.18 



.14 



.16 



.16 



.18 



.80 



.88 



.84 


1.85 

Hor. 


18 



80 



88 



84 



86 



SO 



88 



88 



a 



Dir. 

53 

68 

63 

54 

60 

64 

57 

61 

65 

58 

68 

m 

60 

64 

68 

63 

66 

69 

66 

60 

72 

69 

78 

76 

75 

77 

79 


Ind. 


.14 



.16 



.16 



.17 



.18 



.19 



.81 



.88 



.86 


1.60 

Hor. 


81 



88 



86 



87 



89 



88 



86 



40 



a 



Dir. 

57 

68 

67 

58 

68 

67 

61 

66 

69 

62 

66 

70 

64 

68 

71 

67 

70 

73 

70 

78 

76 

73 

76 

79 

78 

80 

82 


Ind. 


.16 



.16 



17 



.18 



.10 



.80 



.88 



.84 



.86 


1.70 

Hor. 


88 



86 



87 



89 



as 



86 



89 



48 



47 



Dir. 

61 

66 

70 

62 

67 

71 

65 

69 

72 

66 

70 

73 

68 

78 

75 

71 

74 

77 

73 

76 

78 

76 

70 

81 

80 

a 

84 


Ind. 


.17 



.18 



.19 



.80 


■ 


■ 


.88 



.84 



.86 



.87 


8.00 

Hor. 


86 



87 



89 



81 


m 


m 


87 



41 



46 



a 



Dir. 

64 

66 

73 

65 

70 

73 

68 

78 

75 

69 

78 

76 

m 



74 

77 

79 

75 

78 

80 

79 

81 

83 

82 

84 

86 


Ind. 


.18 



.10 



.80 



.81 



.88 



.88 



.86 



.87 



,u 


8.86 

Hor. 


87 



80 



81 



88 



86 



89 



U 



47 



61 



Dir. 

67 

78 

75 

68 

78 

76 

71 

75 

78 

72 

76 

79 

75 

78 

80 

77 

80 

82 

78 

81 

83 

81 

88 

85 

84 

a 

88 


; Ind. 

■ 


■ 





IT 



.88 



.88 



IT 



^io^ 



.88 



.80 


8.60 

Hor. 

■ 

iti 

m 


81 



83 



86 



88 



41 



46 



a 



a 



Dir. 

3 

m 


72 

76 

79 

74 

78 

80 

76 

79 

81 

78 

81 

83 

79 

88 

84 

81 

88 

85 

83 

86 

87 

86 

a 

89 


Ind. 


.81 



.88 



.88 



.84 



.86 



.86 



.87 



.a 



.a 


8.00 

Hor. 


88 



84 



86 



80 



41 



44 



47 



60 



64 



Dir. 

76 

78 

80 

76 

70 

81 

77 

80 

82 

78 

81 

83 

80 

88 

85 

82 

84 

86 

83 

86 

86 

85 

87 

88 

88 

M 

91 


Ind. 


.tt 



jiaT 



IT 


■ 


■ 

■ 

.86 

■ 

■ 

Ed 

m 


.88 



.80 



.81 


6.60 

Hor. 


86 



87 


m 

HI 


II 

Id 

m 

m 


m 

m 

Id 

Hj 


49 



68 



66 



Dir. 

t7 

80 

82 

78 

81 

83 

g ] 

□ 

$4 

3 

□ 

ES 

m 

□ 



□ 


85 

87 

88 

87 

80 

m 

90 

01 

92 


iroi 





IT 



.86 


r 

.87 



.86 



.80 



Ho 



.81 


■ 

Ed 


4.00 



66 



60 



41 



U 



46 



a 






64 


m 

HI 



Ea 


88 

84 

81 

88 

85 

82 

84 

86 


a 

m 

85 

67 

88 

86 

88 

89 

87 

80 

90 

89 

00 

91 


a 

8 


Ind. 


.86 

T * 





.87 


■ 

Ed 



.89 



.80 



jST 



jmT 


■ 

Ed 


6.00 

Hor. 


41 



a 



44 


M 

Id 



M 



60 



68 



66 


II 




Dir. 

83 

86 

86 

83 

86 

86 

84 

86 

87 

i 

H 


87 

60 

90 

89 

00 

91 

1 

01 

92 

91 

08 

93 

i 

m 



RI — ^Room Index 
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Table V-7 (Continued) 
Ceiling Reflection Factor 50% 


Wall 

reflection 

0% 

10% 

20% 

80% 

40% 

80% 

80% 

70% 

factor 








80% 


RI 


Utilization Factor 



Ind. 


.06 



.07 



.08 



.08 



.09 



.10 



.12 



.10 



.19 


0.60 

Hot. 


06 



07 



08 



09 



12 



10 



19 



28 



29 



Dir. 

19 

814 

29 

21 

86 

31 

24 

88 

32 

27 

81 

35 

30 

84 

38 

34 

87 

40 

38 

41 

44 

44 

47 

50 

51 

08 

55 


Ind. 


.08 



.09 



.10 



.11 



.12 



.18 



.10 



.18 



.22 


0.60 

Hor. 


09 



10 



11 



18 



16 



19 



88 



27 



88 



Dir. 

28 

88 

38 

30 

80 

40 

33 

87 

41 

36 

40 

44 

39 

48 

47 

43 

46 

49 

47 

00 

53 

52 

00 

58 

59 

61 

63 


Ind. 


.10 



.11 



.12 



.18 



.14 



.10 



.17 



.20 



.28 


0.70 

Hor. 


11 



12 



14 



16 



19 



22 



26 



80 



86 



Dir. 

35 

40 

45 

37 

42 

47 

40 

44 

48 

43 

47 

51 

46 

00 

54 

50 

08 

56 

54 

07 

60 

59 

62 

65 

65 

67 

69 


Ind. 


.11 



.12 



.18 



.14 



.10 



.17 



.19 



.22 



.20 


0.80 

Hor. 


18 



14 



16 



18 



21 



24 



28 



88 



88 



Dir. 

41 

66 

51 

42 

47 

52 

45 

49 

53 

47 

01 

55 

50 

04 

58 

54 

67 

60 

57 

60 

63 

62 

60 

68 

68 

70 

72 


Ind. 


.18 



.18 



.14 



.10 



.16 



.18 



.20 



.28 



.26 


0.90 

Hor. 


16 



16 



18 



80 



28 



26 



80 



84 



40 



Dir. 

45 

00 

55 

46 

61 

56 

49 

08 

57 

51 

00 

59 

53 

07 

61 

57 

60 

63 

60 

68 

66 

64 

67 

70 

70 

72 

74 


Ind. 


.18 



.14 



.16 



.16 



.17 



.19 



.21 



.24 



.27 


1.00 

Hor. 


16 



18 



20 



22 



20 



28 



82 



86 



42 



Dir. 

48 

08 

58 

49 

04 

59 

52 

06 

60 

54 

08 

62 

56 

60 

64 

59 

62 

65 

62 

60 

68 

66 

69 

72 

72 

74 

76 


rna 


.14 



.10 



.16 



.17 



.19 



.81 



.88 



.20 



.28 


1.10 



17 



19 



21 



28 



26 



89 



88 



87 



48 



Esi 

50 

60 

00 

51 

06 

61 

54 

08 

62 

56 

60 

64 

58 

62 

66 

61 

64 

67 

64 

67 

70 

68 

71 

74 

74 

76 

78 


Ind. 


.16 



.17 



.18 



.19 



.21 



.88 



.20 



.27 



.80 


1.20 

Hor. 


19 



21 



88 



80 



28 



81 



80 



89 



40 



Dir. 

53 

08 

63 

54 

09 

64 

57 

61 

65 

59 

68 

67 

61 

60 

69 

64 

67 

70 

67 

70 

73 

70 

78 

76 

76 

78 

80 


Ind. 


.18 



.19 



.80 



.81 



.28 



.26 



.27 



.29 



.82 


1.00 

Hor. 


22 



24 



26 



29 



82 



80 



89 



48 



48 



Dir, 

57 

62 

67 

58 

68 

67 

61 

60 

69 

62 

66 

70 

64 

68 

71 

67 

70 

73 

70 

78 

76 

73 

76 

79 

79 

81 

83 


Ind. 


.19 



SO 



IT 



nr 



nr 



nr 



.28 



.80 



nr 


1.70 

Hor. 


20 



27 



29 



82 



80 



88 



42 



46 



01 



jDlr. 

01 

66 

70 

02 

67 

71 

65 

69 

72 

66 

70 

73 

68 

72 

75 

71 

74 

77 

73 

76 

78 

76 

79 

81 

81 

88 

85 


Ind. 


jT 



.22 



.28 



.24 



.26 



.28 



.80 



.82 



.84 


2.00 

Hor. 


27 



89 



81 



84 



87 



40 



44 



48 



08 



Dir. 

04 

69 

73 

65 

70 

73 

68 

72 

75 

69 

78 

76 

71 

70 

78 

74 

77 


76 

79 

81 

79 

82 

84 

83 

80 

87 


Ind. 


.28 



SI 



.26 



.26 



.87 



.29 



.81 



.88 



.80 


8.20 

Hor. 


89 



81 



88 



86 



89 



42 



46 



00 



00 



Dir. 

m 

78 

76 

68 

78 

76 

71 

70 

78 

72 

76 

79 

76 

78 

80 

77 

80 

82 

79 

82 

84 

82 

84 

86 

85 

87 

89 


Ind. 


n 



.80 



nr 



.87 



nr 



nr 



nr 



.84 



.86 


8.00 

Hor. 


81 



88 



80 



88 



41 



u 



48 



02 



07 



Dir. 

71 

76 

00 

72 

76 

79 

74 

78 

80 

76 

79 

81 

78 

81 

83 

79 

82 

84 

82 

84 

86 

84 

86 

88 

87 

89 

90 




.26 



.87 



.88 



.89 



.80 



nr 



.84 



.86 



.88 


8.00 



84 



86 



88 



41 



44 



47 



01 



00 



09 




75 

78 

80 

76 

79 

81 

77 

80 

82 

78 

81 

83 

80 

88 

85 

82 

84 

86 

84 

86 

87 

86 

88 

89 

89 

91 

92 


Ind. 


Hb 



.89 



nr 



.81 



.88 



nr 



.86 



.88 



.40 


8.00 

Hor. 


87 



89 



41 



44 



47 



00 



04 



07 



61 



Dir. 

77 

80 

82 

78 

81 

83 

80 

82 

84 

81 

88 

86! 

83 

86 

86 

84 

86 

87 

86 

88 

89 

88 

90 

91 

91 

98 

94 


Ind. 


lo 



jT 



nsT 



.88 



nr 



.80 



nr 



nr 



nr 


4.00 

Hor. 


40 



48 



44 



46 



49 



02 



86 



09 



68 



Dir. 

79 

88 

84 

81 

88 

85 

82 

84 

86 

83 

80 

86 

85 

87 

88 

86 

88 

89 

88 

90 

91 

91 

92 

93 

93 

94 

95 




JM 



Iw 



nr 



nr 



nr 



nr 



.89 



.40 



nr 


8.00 



48 



40 



47 



49 



68 



00 



08 



61 



60 




83 

80 

86 

83 

80 

86 

84 

86 

87 

85 

87 

88! 

87 

89 

90 

89 

90 

91 

91 

92 

93 

92 

98 

94 

94 

90 

96 


Rl— Room Index 
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LIGHT CONTROL 


Table V-7 (Continued) 


Ceiling Reflection Factor 60% 


Wall 

reflection 

factor 

0% 

10% 

w% 

80% 

40% 

50% 

•0% 

70% 

•0% 

RI 


Utilization Factor 

0.50 

Ind. 

Hor. 

Dir. 

.07 

05 

19 84 29 

.08 

07 

21 85 31 

.00 

08 

24 88 32 

.10 

10 

27 81 35 

.11 

13 

30 54 38 

.18 

15 

35 58 41 

.15 

80 

39 48 45 

.18 

85 

44 47 50 

M 

51 

51 55 55 

0.50 

Ind. 

Hoi. 

Dir. 

.10 

00 

28 SS 38 

.11 

10 

30 85 40 

.18 

18 

33 57 41 

.15 

14 

36 40 44 

.14 

17 

39 43 47 

.15 

80 

44 47 50 

.19 

84 

48 51 54 

.88 

80 

53 55 59 

.85 

86 

60 58 64 

O.TO 

Ind. 

Hor. 

Dir. 

.18 

18 

35 40 45 

.18 

15 

37 48 47 

.14 

15 

40 44 49 

.15 

17 

43 47 51 

.15 

80 

46 50 54 

.18 

85 

50 55 56 

.81 

88 

54 57 60 

.84 

88 

59 58 65 

.88 

59 

66 58 70 

0.50 

Ind. 

Hor. 

Dir. 

.15 

14 

11 46 51 

.14 

15 

43 48 53 

.15 

17 

46 50 54 

.15 

10 

48 58 56 

.18 

88 

51 55 59 

.80 

85 

55 58 61 

.85 

80 

58 51 64 

.85 

85 

63 55 69 


0.00 

Ind. 

Hor. 

Dir. 

.15 

15 

45 50 55 

.15 

17 

46 91 56 

.17 

10 

49 58 57 

.18 

81 

51 55 59 

.80 

84 

54 58 62 

.88 

87 

58 51 64 

.85 

58 

61 54 67 

.88 

57 

65 58 71 

.58 

45 

71 75 75 

1.00 

Ind. 

Hor. 

Dir. 

.15 

18 

48 53 58 

.17 

10 

49 54 59 

.18 

81 

52 55 60 

.10 

85 

54 58 62 

.81 

85 

56 60 64 

.85 

80 

60 55 66 

.85 

54 

63 55 69 

.80 

50 

67 70 73 

.58 

45 

73 75 77 

1.10 

Ind. 

Hor. 

Dir. 

.17 

10 

50 55 60 

.18 

81 

51 55 61 

.10 

85 

54 58 62 

.81 

85 

56 50 64 

.88 

88 

58 58 66 

.85 

81 

62 55 68 

.87 

55 

65 58 71 

.50 

41 

69 78 75 


1.85 

Ind. 

Hor. 

Dir. 

.10 

81 

53 58 63 

88 

54 50 64 

.81 

85 

57 51 65 

.83 

87 

59 55 67 

.85 

50 

61 55 69 

.87 

55 

64 57 70 

.80 

58 

67 70 73 

.88 

45 

71 74 77 

mi 

1.00 

Will 

isa 


.88 
. 85 

58 58 67 

.85 

88 

61 55 69 

.85 

81 

63 57 71 

.87 

54 

65 50 72 

.80 

57 

68 71 74 

.31 

48 

71 74 77 

.54 

47 

74 77 80 

.58 

58 

80 88 84 

1. T 5 

Ind. 

Hor. 

Dir. 

.85 

87 

61-55 70 

.84 

80 

62 57 71 

.85 

51 

65 50 72 

JI 7 

84 

67 71 74 

.80 

87 

69 78 76 

.81 

40 

72 75 77 

.55 

45 

74 77 79 

.55 

50 

77 80 82 

.50 

55 

82 84 88 

8.00 

Ind. 

Hor. 

Dir. 

.85 

80 

64 50 73 

.85 

51 

65 70 73 

.87 

55 

68 78 75 

.80 

85 

70 74 77 

.81 

80 

72 75 79 

.55 

48 

75 78 80 

.55 

47 

77 80 82 


.41 

57 

84 85 88 

8.85 

Ind. 

Hor. 

Dir. 


.88 

55 

68 75 76 

.80 

55 

71 75 78 

.81 

88 

73 77 80 

.88 

41 

76 70 81 

.55 

U 

78 81 83 

.57 

40 

80 85 85 

.59 

54 

83 85 87 

.48 

50 

86 88 90 

8.50 

Ind. 

Hor. 

Dir. 

.80 

85 

71 75 78 

.50 

55 

72 75 79 

.51 

57 

74 78 80 

.U 

40 

77 80 82 

.85 

48 

79 88 84 

.57 

48 

80 85 85 

.59 

51 

83 85 87 

.41 

55 

85 87 89 

.44 

51 

88 90 91 

8.00 

Ind. 

Hor. 

Dir. 

.58 

57 

75 78 80 

.55 

50 

76 70 81 

.54 

41 

77 80 82 

.85 

44 

79 48 84 

.87 

47 

81 84 86 

.50 

50 

82 85 87 

.41 

55 

85 87 88 

.a 

M 

87 80 90 

.45 

55 

90 98 93 

5.50 

Ind. 

Hor. 

Dir. 

M , 

40 

78 81 83 

.55 

48 

78 81 83 

.54 

44 

80 88 84 

.87 

47 

82 84 86 

.80 

50 

84 88 87 

.41 

55 

85 87 88 

.45 

57 

87 89 90 

.45 

51 

89 91 92 

.47 

55 

92 94 95 

4.00 

Ind. 

Hor. 

Dir. 

.55 

45 

80 85 85 

.57 

45 

81 85 85 

.88 

47 

82 84 86 

1 .80 

1 50 

84 88 87 

.41 

58 

86 88 89 

.45 

58 , 

87 M 90 

.44 

59 

89 91 92 

.45 

55 

92 95 94 

.M 

87 

94 95 96 

0.00 

Ind. 

Hor. 

Dir. 


.50 

48 

84 85 87 

.40 

50 

86 87 88 

.41 

58 

86 88 89 

.tt 

M 

88 00 91 

.45 

59 

90 91 92 

.a 

88 

92 95 94 

.a 

55 

98 94 90 

.49 

89 

95 M 07 


RI — Room Index 
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Table V-7 (Continued) 


Ceiling Reflection Factor 70% 


WaU 

raflaction 

factor 

0% 

10% 

80% 

80% 



40% 

00% 

00% 

70% 

80% 

RI 


Utilization Factor 

o.to 

Ind. 

Hor. 

Dir. 

.08 

OT 

19 84 20 

.09 

08 

21 84 31 

.10 

09 

24 88 32 

.11 

11 

27 81 35 

.18 

14 

30 84 38 

.15 

IT 

35 88 41 

.18 

81 

39 48 45 

.88 

87 

44 47 50 

.87 

88 

52 04 56 

O.fO 

Ind. 

Hor. 

Dir. 

.18 

10 

28 88 38 

.U 

11 

30 80 40 

.14 

IS 

33 87 41 

.10 

10 

36 40 44 

.17 

18 

39 48 47 

.19 

81 

44 47 50 

.88 

86 

48 01 54 

.80 

81 

53 06 59 

.81 

87 

60 48 64 

O.TO 

Ind. 

Hor. 

Dir. 

.14 

18 

35 40 45 

.10 

14 

37 48 47 

.14 

14 

40 44 48 

.17 

18 

43 47 51 

.19 

81 

46 00 54 

.81 

80 

50 08 56 

.84 

89 

54 67 60 

.88 

86 

50 68 65 

.88 

41 

66 08 70 

0.00 

Ind. 

Hor. 

Dir. 

.14 

10 

41 44 51 

.17 

14 

43 48 53 

.18 

18 

46 00 54 

.19 

80 

48 08 56 

.81 

88 

51 00 59 

.88 

87 

55 08 61 

.84 

88 

59 68 65 

.80 

88 

63 46 69 

.80 

44 

70 78 74 

o.to 

Ind. 

Hor. 

Dir. 

.IT 

IT 

45 00 55 

.18 

18 

47 08 57 

.19 

80 

50 04 58 

.81 

88 

52 04 60 

M 

80 

54 08 62 

.80 

89 

58 41 64 

.88 

84 

61 64 67 

.88 

40 

65 48 71 

.87 

44 

72 74 76 

1.00 

Ind. 

Hor. 

Dir. 

.19 

18 

48 08 58 

.80 

80 

49 04 59 

.81 

88 

52 04 60 

M 

84 

54 08 62 

.80 

87 

56 40 64 

.87 

81 

60 48 66 

.80 

86 

63 46 69 

.84 

U 

67 70 73 

.88 

48 

74 74 78 

1.10 

Ind. 

Hor. 

Dir. 

.80 

80 

50 00 60 

.81 

88 

51 04 61 

M 

84 

54 08 62 

.80 

84 

56 40 64 

.87 

89 

58 48 66 

.89 

88 

62 40 68 

.88 

88 

65 68 71 

.80 

U 

69 78 75 

.89 

00 

76 78 80 

i.ao 

Ind. 

Hor. 

Dir. 

.88 

88 

53 08 63 

M 

84 

54 09 64 

.80 

84 

57 41 65 

mm 

.87 

89 

59 48 67 

.89 

88 

61 40 69 

.81 

SO 

65 68 71 

.84 

41 

68 71 74 

.87 

47 

72 76 78 

.41 

08 

78 80 82 

1.00 

Ind. 

Hor. 

Dir. 

.80 

80 

57 48 67 

8? 

58 48 67 

.88 

80 

61 40 69 

.80 

88 

63 47 71 

.88 

84 

65 49 72 

.84* 

40 

69 78 75 

.87 

46 

72 to 78 

.40 

00 

75 78 81 

.44 

04 

81 88 85 

l.TO 

Ind. 

Hor. 

Dir. 

.87 

88 

61 04 70 


.80 

88 

65 49 72 

.88 

80 

67 71 74 

.84 

89 

69 78 76 

.86 

48 

72 70 78 

.89 

48 

75 78 80 

.48 

08 

78 81 83 

.44 

09 

83 06 87 

t.oo 

ESI 

|>23|| 

.80 

81 

64 49 73 

.81 

88 

65 TO 73 

.88 

86 

68 78 75 

.84 

89 

70 74 77 

.84 

48 

72 74 79 

.88 

44 

75 78 80 

.41 

61 

78 81 83 

.U 

64 

81 84 86 

.48 

41 

85 87 89 

l.ii 

Ind. 

Hor. 

Dir. 

.88 

88 

67 T 8 75 

.88 

80 

68 78 76 

.84 

88 

71 70 78 

.84 

41 

73 77 80 

WsEi 

.40 

48 

78 81 83 

.48 

68 

81 84 86 

.44 

08 

84 84 88 
1 

.00 

48 

87 89 91 

I.ao 

Ind. 

Hor. 

Dir. 

.84 

80 

71 TO 78 

.80 

87 

72 74 79 

.84 

40 

74 78 80 

Ki 

.40 

44 

79 88 84 

.48 

00 

81 84 86 

.46 

66 

84 84 88 


.01 

M 

89 91 92 

t.oo 

Ind. 

Hor. 

Dir. 

.87 

89 

75 TO 80 

.88 

41 

76 79 81 

.89 

44 

78 81 83 

n 

.U 

00 

82 80 87 

.40 

04 

84 84 88 

.47 

68 

86 88 89 

.00 

88 

88 90 91 

.08 

48 

91 98 94 

t.io 

Ind. 

Hor. 

Dir. 

.40 

48 

78 81 83 

.41 

44 

79 88 84 

.U 

47 

81 88 85 

.44 

00 

83 80 87 

.44 

08 

85 87 88 

.48 

07 

86 88 89 

.00 

41 

88 90 91 

.68 

44 

90 98 93 

.00 

71 

93 90 96 

4.00 

Ind. 

Hor. 

Dir. 

.48 

40 

80 88 85 

.48 

47 

82 84 86 

.44 

SO 

83 80 87 

.44 

08 

85 87 88 

.48 

04 

87 89 90 

.80 

40 

88 90 91 

.08 

44 

90 98 93 

.04 

48 

93 94 95 

M 

78 

95 94 97 

t.oo 

Ind. 

Hor. 

Dir. 

m 

.44 

01 

84 84 87 

.47 

04 

85 87 88 

.48 

07 

87 89 90 

.00 

40 

89 91 92 

.08 

48 

91 98 93 

.04 

44 

93 94 95 

.84 

70 

94 90 96 

.08 

70 

96 97 98 


RI — Room Index 
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Table V-7 (Continued) 
Ceiling Reflection Factor 80% 


w»u 

raflection 

0% 

10% 

80% 

*0% 

40% 

80% 

•0% 

70% 

80% 

factor 











RI I 1 Utilization Factor 


0.60 

0.00 

0.70 

0.80 

0.90 

1.00 

1.10 

l.IO 

1.00 


1.70 

t.OO 

S.80 

t.OO 

8.00 


8.00 


0.00 



RI— Room Index 
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Whenever an analysis of the distribution curve shows a horizontal 
component in addition to the direct component, the expression takes 
the form: 

percentage of flux in 0°-40® zone 

_ lumens 0°-40° zone - 0.65 (c-p. at 90®) 
lumens 0®-90® zone - 5.0 (c-p. at 90®) 

The last terms in the numerator and denominator represent the num- 
ber of lumens in the 0°-40® and the 0®-90® zones for the horizontal 
component. Experience shows that the medium direct component 
(shown in bold-face type in Table V-7) may be used in almost every 
practical installation without error. Table V~7 shows the factors 
which have been determined by experimental methods for the three 
components of all types of equipment. Of the three values given in 
bold type in each square, the first figure is the ratio of total flux on a 
horizontal reference plane (working plane) to the flux emitted by a 
totally indirect unit, or in other words it is the percentage of total flux 
above the horizontal plane passing through the center of the unit 
which is intercepted by the horizontal plane of work equal in area to 
the floor area. The second bold-face number is the fraction of total 
flux emitted by the unit (having approximately toroidal solid candle- 
power distribution) which reaches the horizontal working plane. The 
last is for the fraction of tx)tal flux emitted by the unit below the 
horizontal plane which passes through the center of the unit and which 
is intercepted by the horizontal work plane. These data are for square 
rooms having room indexes as shown. For rtK?tangular rooms the 
most satisfactory method for determining the ultimate coefficient is to 
determine the factors for two square rooms in which the length is the 
dimension for one room, and the width is the dimension for the other 
room; these are then combined to give the following expression for 
the coefficient of the rectangular room: 

CU ^ CU^ -h UCUi - CUJ 

where CU k the coefficient of utilization for the rectangular room; 
CUu, the coefficient of utilization for a square room with w (width) as 
its dimension, and CUi the coefficient of utilization for the square room 
with I (length) as its dimension. » ^ 

In the determination of the factors given in Table V~7, all floors 
were oak with a reflection factor of 14 per cent, the most common 
reflection factor for interior floors. Comparing the effect of very light 
ceilings with different side wall colors, the following effective ratios 
were established: 
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Ceiling 

Walls i 

RI 

Floor Reflection 

0% 

14% 

40% 

80% 

80% 

0% 

1.0 

1.00 

1.00 

1.01 

1.02 



2.0 

0.99 

1.00 

1.05 

1.08 


40% 

1.0 

0.99 

1.00 

1.02 

1.05 



2.0 

0.98 

1.00 

1.05 

1.12 


80% 

1.0 

0.97 

1.00 

1.06 

1.15 



2.0 

0.95 

1.00 

1.09 

1 1.22 


A white floor may increase the effective illumination to a great extent 
in large rooms. 

Example c. Using the data given in Fig. 2-5 (page 93) for a luminaire, 
determine the utilization factor and coefficient of utilization for a room with 
an index of 1.25, and ceiling and side wall reflection factors of 60 and 40 per 
cent, respectively. 

From Fig. 2-5: 


Lamp, 500 w. 

9800 1. 

Candlepower at 90° 

129 c. 

0°-90° 

803 1. 

90°-180° 

7335 1. 

0°-180° 

8138 1. 

Luminaire efficiency 

83% 


From Table V-7: 

Indirect component factor 0.25 

Horizontal component factor 0.30 

Direct component (med.) factor 0.65 

Determine from the data given the lumens in the three component curves, the 
algebraic sum of which will be the total lumens. 

Horizontal 129 X tt* = 1272 1. 

The horizontal component is a toroidal distribution where F * tt* Im- 

1272 

Indirect 7335 ~ « 6699 1. 

1272 

Direct 803 - ^ = 167 1. 

Total I 

To determine the useful lumens on the work surface emitted by the luminaire, 
each of the components must be multiplied by its component factor. 


Horizontal 

1272 X 0.30 - 382 

Indirect 

6699 X 0.25 = 1676 

Direct 

167 X 0.66- 109 


21661. 
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From this the utilization of the equipment in the room is shown to be 


UF 


work surface lumens 2166 
luminaire lumens 8138 


0.266 


CU 


2166 

9800 


0.221 


Since the efficiency is 83% 

CU ^ UF X luminaire efficiency « 0.266 X 0.83 0.221 (check) 

which determination of the utilization coefficient is the product of the vJtilizar 
tion factor {UF) and the equipment efficiency (t?). 


By the same process all the utilization factors in Table VI~7 have 
been determined and similar tables may be determined for any type of 
equipment . 


19, Coefficients of Utilization for Combination Units. For success- 
ful merchandising it is necessary to have a large 
component of light of a direct nature and at the 
same time it is desirable to have the ceiling illu- 
minated and the general lighting in the room simi- 
lar to indirect lighting. One method of solving 
this problem is to recess equipment into the ceiling 
for direct lighting on the merchandise and use an 
indirect system for general lighting. To meet the 
demand for this combination lighting effect, equip- 
ment has been developed which has both a direct 
and an indirect component of light. Besides in- 
candescent luminaires of this type the develop- 
ment of the fluorescent lamp introduced a type 
of equipment which in general has a distribution showing combination 
characteristics. The range of this combination equipment may be from 
little leas than direct to practically all indirect distribution. 

Figure 13-7 shows the distribution curve for an equipment of the 
combination type. It is possible to determine the coefficient of utiliza- 
tion for this equipment from the utilization factors given in Table VI-7. 
It is only necessary to determine the coefficient of utilization for the 
direct and indirect distribution separately and add the two together. 
The direct and indirect distribution curves are checked for similarity 
to those in the table and computations are made in the regular man- 
ner. 

Example d. Determine the coefficient of utilization for the fixture having 
the distribution shown in Fig. 13-7, if the room measures 17 ft. by 40 ft. 
and has a 13-ft, ceiling. The ceiling has a reflection factor of 75 per cent and 



Fig. 13-7. Candle- 
power distribution 
curve for an equip- 
ment of the combina- 
tion type. 



DIRECT 

DISTRIBUTIN6 CONCENTRATING 


LIGHT CONTROL 


TABLE 

Utilization 


TYWCAL lOUlfMENT 
tEMCSEKIATIVE OF 
EACH OtOUP 


High Bay Open 

Reflectors. 

Prismatic, 

^ \ Mirrored glasa 
/ VPoll shed metal. 

MP705t 

Parabolic 
Polished Metal 
° Reflectors. 
Louvered 
trough Inside 
frosted lampsi 

A K 

^ ^ reflectors 


Prismatic 
Glass or 
Polished Metal 
Reflectors 
Enclosed lens 
plates 

Open louvers 


MP70* 

Tfperi 

Reflectors, 
RLM dome 
porcelain 
enamel Inside 
frosted lamp 
f / Mirrored or 

^ prismatic In- 

side frosted 
MP76^ lamp, 


50l3Qll0l60ig0ll0 
ROOM UTILIZATION FACTOR 


67 64 
69 66 
75 73 
79 77 
83 80 
86 84 
91 87 
93 90 
93 91 


68 64 
68 66 
74 72 
78 78 
82 80 

86 84 
92 88 

92 90 
94 92 
94 92 

67 63 

70 67 
73 73 
80 77 
83 80 

87 83 
90 87 

93 90 
93 90 
93 93 

46 39 
66 61 
61 67 
67 65 

71 67 
77 73 
83 79 
86 81 
89 87 
92 89 


61 66 

66 67 

71 71 

77 77 

79 79 

83 84 

86 89 

87 90 

90 91 

91 91 

62 66 
64 68 

72 72 

76 76 

78 80 

84 84 
86 88 

88 90 
90 92 

92 92 

63 67 

67 67 
70 73 

77 77 

80 80 

83 83 
87 87 
87 90 
90 90 
90 ^ 

32 46 
46 66 
62 60 

67 66 
61 69 

68 76 

76 81 

77 84 

84 88 
87 89 


64 61 66 61 
66 64 66 61 
71 70 71 69 
74 74 74 73 
79 77 79 76 
83 81 81 80 
86 86 86 84 
89 86 86 86 

89 89 89 87 

90 89 89 89 


64 62 

64 64 

72 70 

76 74 
78 76 
84 80 

86 84 
88 86 
88 88 
90 88 

53 53 
67 63 
70 70 

73 73 

77 77 
83 80 

87 87 

87 87 
90 87 
90 90 

39 32 
49 44 
66 52 
61 67 

65 61 
72 68 
77 75 
80 77 
86 83 1 

88 86 


66 62 
64 62 
72 68 
76 72 
78 76 
82 80 
84 84 
86 84 
88 88 
88 88 
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VI-7 

Factors 





































DIRECT 

distributing 
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20 23 20 
27 31 27 
33 35 30 
36 38 34 
40 43 39 
46 48 45 
51 53 50 
54 6R 51 
60 59 58 
63 63 61 


6*7 61 
70 65 
75 70 
77 72 


41 45 
45 49 
47 52 
54 57 
57 61 
60 64 
65 68 
69 70 


29 26 
36 34 
41 39 
45 42 
49 45 
54 50 
57 54 
60 56 
62 60 
65 62 


27 25 
35 32 
39 36 
42 40 
46 42 
50 46 
54 51 
56 52 
59 56 
61 59 





































SEMI- INDIRECT X GENERAL DIFFUSING 


(Continued) 


COEFFICIENTS OF UTILIZATION 



Tm Of 
DRIMBUTION 
AND 

EFflCIENCy 

aASStflCAIION 





MP 765J 


TYPICAL EQUIPMENT 
REPRESENTATIVE OF 
EACH GROUP 


Stalactite Un5t 
and Projecting 
Luminous* 
Elements, White 
glass enclosing 
units* 
Projecting 
elements with 
cased glass 

sides and opal 
oottom* 


?’nc losing 
Translucent 
Bowls, White 
glass enclosing 
globe. Project- 
ing luminous 
element with 
cased opal 
panels 


75% I 60 




ROOM UTILIZATION FACTOR 





Enclosing Trans 
lucent Bowls, 
prismatic glass 
Cased glass bot 
torn, etched topi 


Open Top Trans 
lucent Bowls 
Dense glass 
bowl 

Plastics. 





30 25 21 
37 31 29 
42 36 32 
46 41 37 
51 45 40 
56 51 46 
61 55 50 
65 59 54 
69 64 59 
71 66 62 


27 22 
34 29 
37 32 
41 36 
45 40 
50 45 

54 49 

55 51 
60 55 
62 57 


20 15 11 15 11 
25 20 16 20 15 
30 24 20 22 17 
34 29 24 26 21 
37 31 26 29 24 
44 37 32 34 27 
47 41 36 36 31 
51 45 40 39 34 
57 51 46 42 39 
60 55 50 46 41 


20 17 
26 24 
30 27 
34 31 
36 34 
40 37 
44 41 
46 44 

50 47 

51 50 


7 6 
11 9 

14 10 

15 12 
17 15 
21 17 
24 21 
26 24 
29 26 
31 29 


17 15 16 
22 20 20 
26 24 22 
31 26 26 
34 30 29 
44 39 35 32 
49 42 39 35 
51 46 42 37 
56 52 49 40 
59 55 51 42 


12 11 9 
16 15 11 
19 17 14 
22 20 15 
25 22 16 
27 25 19 
31 29 21 20 
34 31 22 21 
37 35 25 24 
40 37 27 25 
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TABLE VI-7 {Continued) 



imof 

tmtmmoN 

AND 

EmoENcy 

OASSWCATION 

TYPICAL EOUIPMtNT 
REPRESENTATIVE OF 

EACH GROUP 

C'^llng 

76% 

60? 

30? 

m.ib 

solgolio 

80130110 

solio 

Room 

IndM 

1 ROOM UTILIZATION FACTOR | 


p 

Shalloir Bowl 
Reflectors and 
Shields. 

Metal Bowl IP 
lamp. 

Metal Shield 
Silver Bowl 
Lamp. 

0.6 

0.8 

1.0 

1.2 

1.6 

2.0 

2.5 

5.0 

4.0 

6.0 

20 

25 

29 

33 

36 

41 

45 

46 
63 
66 

16 

20 

24 

28 

32 

36 

40 

44 

49 

52 

13 

19 

21 

24 

28 

33 

37 

40 

45 

49 

13 

17 

19 

23 

25 

28 

29 

32 

35 

37 

11 

13 

16 

19 

21 

24 

27 

29 

33 

35 

9 

12 

13 

17 

19 

21 

25 

27 

31 

33 

5 

8 

11 

11 

12 

13 

16 

17 

19 

21 

5 

7 

8 
11 
11 
13 

15 

16 
19 
19 

9 



Deep Metal 
Bowls and 
Troughs 

0.6 

0.8 

1.0 

1.2 

1.5 
2.0 

2.5 

5.0 

4.0 

5.0 

20 

26 

29 

34 

37 

42 

46 

49 

54 

56 

15 

20 

25 

29 

31 

37 

40 

45 

49 

52 

14 

18 

22 

25 

28 

31 

37 

40 

46 

49 

12 

17 

18 
23 
25 
28 

31 

32 
35 
38 

11 

14 

15 
18 
22 
25 
28 
29 
32 
35 

9 

12 

14 

17 

18 
22 
25 
28 
31 
52 

6 

6 

9 

11 

12 

14 

16 

17 

18 
22 

6 

8 

8 

9 

11 

12 

16 

16 

18 

18 

itFeo^ 

wm 



WBi 

20 

16 

13 

13 

11 

9 

w 





ki9 

25 

20 

18 

16 

16 

13 

Br 

7 

J 

o 



29 

24 

22 

18 

16 

15 

R 


U 


Wall Urn 

1.2 

33 

29 

24 

24 

18 

16 

EE 

ESI 

r 


Column Urn 

1.5 

36 

31 

27 

25 

22 

18 

13 

11 


v7) 

Wall Box 

2.0 

42 

36 

33 

27 

24 

22 

15 

13 


r//' 


2.5 

45 

40 

36 

29 

27 

25 

16 

16 

■j 



3.0 

49 

44 

40 

33 

29 

27 

16 

16 


UF60f 


4.0 

53 

49 

45 

35 

33 

31 

18 

18 

- 


5.0 

57 

53 

49 

38 

35 

33 

22 

18 




0.6 

20 

16 

12 

12 

10 

10 

5 

5 


T 


0.8 

27 

20 

17 

17 

16 

12 

7 

7 




1.0 

30 

25 

22 

20 

15 

15 

10 

7 




1.2 

32 

27 

25 

22 

20 

17 

10 

10 



Recess Coves 

1.5 

37 

32 

27 

25 

20 

20 

12 

10 


mm 

Coffers 

2.0 

42 

37 

32 

27 

25 

22 

15 

12 


iwM 


2.5 

45 

40 

37 

30 

27 

25 

16 

15 


mm 


3.0 

47 

45 

40 

32 

30 

27 

17 

15 


UP 66% 


KZlSfl 

52 

50 

45 

35 

32 

30 

20 

17 



QQI 

65 

52 

60 

38 

35 

32 

20 

20 




0.6 

20 

16 

12 

12 

12 

8 

8 

4 


u 


0.8 

24 

20 

16 

16 

16 

12 

8 

8 




1.0 

28 

24 

20 

20 

16 

16 

8 

8 


1 / 


1.2 

1 32 

28 

24 

24 

20 

16 

12 

8 


1^ 

Close Cell- 

1.5 

36 

32 

28 

24 

20 

20 

12 

12 


WSSi 

ing Coves 

2.0 

1 40 

36 

32 

28 

24 

24 

16 

12 




2.5 

44 


36 

32 

28 

24 

16 

16 


MF66% 


3.0 

48 

a 

40 

32 

28 

28 

16 

16 



4.0 

52 

48 

48 

36 

32 

32 

20 

16 




5.0 

56 


48 

40 

36 

32 


20 
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Specu/ar Mefa/ 
Reflecfor Un/f 



R.LM. rtuorescent Unit 




P/orstic louvers 
F/<yt Ena/77e/ Pef lector 



PiofsHc Slates 



G/ass Louvers 

White Reflectors 




Half C^llnater Plastic 



Elliptical 

Specular Reflectors 



Fig. 14-7. Typical fluorescent lamp luminaires. 

the side wall a reflection factor of 60 per cent. The fixture is mounted 11 ft. 
from the floor. 

Direct component (25.4 per cent) similar to Table VI-7: 

Room index 1.2 
V¥ « 0.78 

CU « 0.78 X 0.254 « 0.198 
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LIGHT CONTROL 


Indirect component (49.7 per cent) similar to Q, Table VI-7: 

Room index 1.5 

UF = 0.35 

CU - 0.35 X 0.497 = ai74 

The coefficient of utilization for the combination will be the sum of 0.198 
and 0.174 or 0.372. 

Figure 14-7 shows some of the types of fluorescent lighting equip- 
ment, many of which are of the combination distribution type as 
shown by the distribution curves of Fig. l-8i^. 

20. Summary Concerning Utilization Factors and Coefficients of 
Utilization. The ability to analyze by an empirical method the charac- 
teristic control of all the factors involved in a practical installation 
enables the designer to predict the average illumination that may be 
expected. There is no doubt that utilization coefficients will be de- 
termined for other types of lighting installations in the future (show- 
window, street, flood). 

Direct, semi-direct, and general diffusing units, all have large direct 
components and have utilization coeflScients of from 50 to 30 per cent; 
the coefficients of those having large indirect components range from 
30 to 15 per cent. The effect from the floor is of little importance 
unless the room is large and the ceiling and walls as well as the floor 
are light; then the effect may be as much as 20 per cent. The effect 
of the walls alone will not exceed 25 per cent in any event. It has 
been suggested that the wall surface should be considered as having 
approximately a 30 per cent reflection factor for the determination of 
the utilization of the unit under average working conditions. Since in 
any instance the reflection factors may easily be determined as de- 
scribed in Chapter 2, it is usually necessary only to study the actual 
conditions. 


PROBLEMS 

1 . If 5000 I, per sq. ft. strike the satin finish on a clear glass surface, how many 
lumens will be (a) transmitted, (6) reflected, (c) absorbed? What will b(; the bright- 
ness of the surface? 

2 . The output from a 300-w. lamp strikes an etched Alzak aluminum re- 
flector. Neglecting any loss due to internal reflection, how many lumens will be 
reflected? 

8. Determine the classification as to type of luminaire of the following equip- 
ment in Fig. l-SA: (a) No. 8; (6) No, 23; (c) No. 21. 

4 . Determine the classification as to type of luminaire of the following equip- 
ment in Fig. 1-8R; (a) A; (b) E; (c) K. 

6. Determine the utilization factor for the following equipment in Fig. l-SB: 
(a) H; (b) J; (c) K. 
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6 . Compute, by all methods, the room index for a direct lighting luminaire 
mounted 10 ft. from the floor in a room 24 ft. by 75 ft. having a 13-ft. ceiling. 
Check the results against Table III-7. 

7 . 'Repeat problem 6 using an indirect luminaire. Check the results against 
Table III-7. 

In the following three problems determine the utilization factor with due 
consideration to the three characteristic components in the direct light component 
calculation. Determine the coefficient of utilization for the specific equipment and 
determine the type of luminaire. 



8 

9 

10 

Room inaex 

Reflection factor 

1.75 

3.5 

0.90 

ceiling, % 

Reflection factor 

80 

75 

50 

sidewall, % 

60 

55 

30 

Lamp size, watts 

500 

200 

300 

Luminaire efficiency, % 

83 

84.5 

80.2 

Candlep)ower at 90° 

129 

201 

426 

Lumens in 0°-40° zone 

262 

420 

550 

Lumens in 0°-90° zone 

803 

1533 

2664 

Lumens in 90°-180° zone 

7335 

1232 

2113 
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CHAPTER 8 


GENERAL ILLUMINATION DESIGN 

In Articles 9 through 14 of Chapter 7 special lighting was discussed 
as supplementary or local lighting. There must, however, be a general 
lighting system to supply illumination for the room as a whole. The 
point-by-point method is usually use*d to determine the specifications 
for the local lighting, but it is impractical for designing the general 
system. The Ivx or lumen method makes the problem of general de- 
sign comparatively easy, and it consists mainly of using the utilization 
factor (discussed in Chapter 7) to calculate the average illumination 
throughout the room. 

In using the lumen method to develop a design, it is necessary to 
follow a logical procedure as outlined below: 

1. Selection of equipment 

2. Spacing and arrangement of equipment 

3. Determination of desirable illumination 

4. Determination of room index {RI) 

5. Determination of utilization factor (UF) 

6. Determination of maintenance factor {MF) 

7. Computation of lamp size 

1. Selection of Equipment. In the selection of equipment the 
architect and the illuminating engineer will be guided frequently by 
the desire of the client. It is also the responsibility of the designer to 
determine whether or not the equipment chosen will fulfill the require- 
ments for the specific task. It must be applicable to the particular 
atmosphere desired by the client, a matter which cannot be evaluated 
directly by objective analysis, for it is essentially a subjective factor in 
selection. Hundreds of different types of lighting equipment are on 
the market, and it would be impossible to discuss each make in- 
dividually, but under each class of equipment there is a wide choice 
of styles and characteristics. Fundamentally, every equipment falls 
under the classification given in Chapter 7. In the choice of equip- 
ment, the comparison of competitive styles should be based upon the 
following: 

а. The quality of the workmanship 

б. The quality of the material 
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c. Freedom from direct glare 

d. Minimum of reflected glare 

e. Efficiency when installed 

/. Illumination on vertical and oblique surfaces 

g. Freedom from harsh shadows 

h. Ease of maintenance 

Any special color or other requirements that must be met. 

This is a summary of those factors which enter into obtaining an ade- 
quate and comfortable lighting system. 

The brightness limits depend upon the task and the type of expo- 
sure encountered. The brightness of any source in the field of vision 
should not exceed 3 to 3.5 c. per sq. in. (approximately 1500 ft-L.), 
and wherever work must be performed over a period of time and the 
worker’s eyes are exposed to the source, the brightness should be re- 
duced to about one-third of the above value. Brightness contrast be- 
tween different parts of the equipment or between the surroundings 
and the equipment should not be neglected in making the selection. 

Direct glare may be removed and the equipment might still have 
an objectionable reflected glare. This may appear in bright spots 
reflected from work surfaces or from displayed material. Location of 
the unit may be a possible solution, but it is far better to control the 
original brightness and diffusion by a wise selection of the equipment. 
Inclined surfaces are particularly likely to cause discomfort from re- 
flected glare, for they seldom receive a sufficient amount of illumina- 
tion to aid in reducing the annoyance. In installations where the 
inclined or vertical plane is prominent in the design of the lighting 
system, it is usual to install some form of supplementary lighting or 
units with wide angles of distribution. 

2. Equipment Efliciency. If efficiency and equipment characteris- 
tics are not considered seriously, it is possible for one installation to 
give from 15 to 18 ft-c. while another gives from 25 to 28 ft-c. for the 
same watts per square foot. Maintenance is a very important factor 
in the continued efl5.ciency of a unit. 

A report on a series of tests on an indirect lighting unit indicates 
the importance that must be placed upon the distribution of light from 
the equipment.^ The test data represent actual installation conditions. 
The equipment used for the test was arranged in several different ways 
for study, and the light output ranged from 85 to 66 per cent. The 
difference of 19 per cent waa caused by light center location (6 per 
cent), husk extension (7 per cent), and inside-frosted lamp instead of 
a clear lamp (6 per cent). Since the efficiency of the equipment is part 
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RUM 

Wklu Bowl Luap 


DlflWr 
Otar Lmbp 

0*loW-^% 


RLM Dnmm 
IKMl-ti«ht Co^cr 
♦0* U> 1SO*--0% 
0*U>90*— S4% 


RLM Cl»m« 
Omt Lmdp 
f«*to 180*— 0% 
8* to 90 *—76% 







OddlaMl 
AlnMiaam 
R«i«etor 
Omt Lmbp 
90*10 ISO'— 0% 
0* to 90*— 72% 


Flatl«t»«d 
WhiU CUm 
E a«looln« Clob. 
90* to 180*— S5% 
0* to 90*— 45% 



Eoekwod 
Somi-IndirMt 
BnarooUd Bottom 
Cicbod Top 
SkoUtoo 
GUm Holdor 
90* to 180*— S0% 
0* to 90 *-27% 


BocIomiI 
Soml-la4lroet 
Baomolod Bottom 
Etobod Top 
90* to ISO*— 48% 
0* U.90*— 32% 


Cooloood 
Somi-lodlroet 
BuoMlod Bottom 
Etcbod Top 
(CioMCoi(io<Only> 
90* to 180*— 53% 
0* to 90*— 22% 


Eoelomd 

Somi'lodlroel 

Cotod-CioM 

Bottom 
Etcbod Top 
90* to 180*— 31% 
0* to 90*— 21% 


Eorloood 
Somt-Indiroet 
Friomotio CioM 
90* to 180*— 69% 
8* to90*-l7% 


Soml-lndiroel 
Baomolod PoAocior 
Modlum Oooolly 
CloM 

Bottom Ploto 
90* to 180*— 54% 
9* to 90'— 18% 


EacbMod 
Lamlaoao Bool 
ladiroet 

90 * to 180*-64% 
0* to 90*— 6% 


Opoa lodlroct 
90* to 180*— 80% 
0* to90*— 0% 











Fftotod LuBp 
90* to 100*—!^ 
0* to 90 *—70% 



SuJaecito Globw 
90 * to 180*— 38% 
0* to 90^—43% 


Doop Bowl 
Eaomolod Stool 
door Lamp 
90* to 180*— 0% 
0* to 90*— 65% 


Frlomatic Holloctor 
Clear Lamp 
90* to 180*— 20% 
0* to 90*— 74% 


Minrorod Claso 
Rofloctor 
Clear Lamp 
90* to 180*— 0% 
0* to 90*— 69% 


Coaeeatratlaa 
Aluminum Reflector 
Dnet'tight Houoinc 
90* to 180*— 0% 

0* to 90*— 57% 


ropor-prooi fitiini 
Enameled Steel 
Refloclor witb 
Claea Encloeloc 
Clobo 

90* to 180*— 0% 
0*10 90*— 68% 


Vapor^proof Fitting 
Priaaaatle 
Eneloaing Globe 
90* to 180*— 28% 
0* to 90*— 57% 


Anglo RoHoclor 
Eaamelod Stool 


Rallartov ao4 
‘ lloldor 
Cover Hate 
Output 40.53% 









Fia. 1-8A. Typical lighting equipment 
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of the operating cost and appears in each monthly bill, it is an im- 
portant factor to consider. Any lighting system worthy of the title 
designed lighting system should not be based on a single design 
and a single type of equipment, but upon an exhaustive study of all 




OtSTRIBUTION cimves 
CROSSWISE ONLY 
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OPEN a 
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OPEN -TOP SEMI- 
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i 

r 

C CLASS 
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RETRACT INC CLASS 

CD 206* 

X 


OPEN-T 

CONCENTR 

LOUVERS^ 
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ATINC RETS 
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/ 23.6* 

H 

L 



Maintenance Factors 
75% — A, A M, N, T 
70% — B, C, E, A /, L, 0, R, S 
65% -F, A/, A, P,Q 


Fig. 1-8B. Distribution curves for typical fluorescent lighting equipment for prob- 
lem purposes. 

materials that are available within the economic limits prescribed. 
Figure 1-8 shows various equipment with the distribution curves and 
the efficiency of the units. 

To aid in the selection of equipment and the determination of its 
probable characteristics and maintenance, the following classification, 
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GENERAL ILLUMINATION DESIGN 


EQUIPMENT 
(See distribution 


Claw 

Typical Equipment 

Average 

Conditions 

Maintenance 

Factor 

Characteristics 

A 

Direct concentrating, high 
bay open reflectors 

Prismatic glaw 

Mirrored glass 

Polished metal 

70% 

Light Output Rangb — 68 to 76%. 
SouRCB Briqrtness — low at normal 
angles of view because of large shielding 
angle. Ft-c. ow Vbktical — fair. Rb- 
FLBCTED Glare — likely to be severe be- 
cause of reflected source brightnew. En- 
ameled reflectors of this shape do not pro- 
duce a concentrated distribution and 
should not be confused with high-bay re- 
flectors. 

B 

Direct concentrating, para- 
bolic polished metal re- 
flectors 

Louvered trough inside- 
frosted lamps 

Open reflectors silvered- 
bowl lamps 

70% 

Light Output Range — 45 to 60% de- 
pending on louver design and reflector sise. 
Louvered troughs are likely to average 
10% lew, open silvered-bowl lamp units 
may range from 10 to 20% higher than the 
values shown. Specular surface parabolic 
reflectors essential. Source Brightness — 
very low at normal angles of view. Ft-C. 
ON Vertical — relatively low. Rb- 

FX.ECTBD Glare — likely to be severe with 
the louvered equipment. An effective 
means of securing high-level illumination 
with low brightnew contrasts. 

C 

Direct concentrating, pris- 
matic glaw or polished 
metal reflectors 

Enclosed lens plates 

Open louvers 

70% 

Light Oxttput Range — 27 to 35% — 
depending on adjustment or type of louver 

1 used. Specular surface parabolic reflectors 
are ewential. Source Brightness — low. 
Ft-C. on Vertical — extremely low. 
Care must be taken in location of units to 
avoid reflected glare from polished sur- 
faces. Adaptable to many applications in 
combination with a fair proportion of in- 
direct lighting. Lens plate units designed 
for wider distribution will have a higher 
output. 

D 

Direct distributing, open 
reflectors 

RLM dome porcelain en- 
amel inside-frosted lamp 
Mirrored or prismatic inside- 
frosted lamp 

75% 

Light Output Range — 75% for RLM 
dome; 70 to 80% from extensive distribu- 
tion prismatic or mirrored reflectors. 
Source Brightness — uncomfortably high 
unlew mounted either above 20 ft. or 
below eye level so that reflector shields the 
bright filament. Fr-C. on Vertical — 
fairly high. Rbplected Glare — ex- 
tremely severe from polished surfaow. 
Highly eflBioient but limited in applicatiim 
to locations where conditions permit 
avoidance of direct and reflected glare. 

S 

Direct distributing, open 
reflectors 

7S% 

Light Output Range — 63 to 68%. 
Source Brightness — moderately hii^ 
but acceptably good for moderate levels of 
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CHARACTERISTICS 
curves, Table VI-7.) 


Claas 

Typical Equipment 

Average 

Conditions 

Maintenance 

Factor 

Characteristics 


RLM dome porcelain en- 
ameled white-bowl lamp 
RLM dome deep-bowl por- 
celain enameled inside- 
froeted lamp 


illumination. Ft-C. os Vsrtioal — 
fairly high. Rbplbctsd Qlarb — con- 
siderably less than clear lamp units — the 
dome rating better than the deep-bowl 
shape. The RLM-white-bowl-lamp com- 
bination particularly, suitably meets a 
variety of industrial lighting requirements. 

F 

Direct diatributing, large- 
area diffusing reflectors 

RLM Olassteel diffuser 
clear lamp 

RLM dome silver-bowl 
lamp 

Enclosing globe and parch- 
ment shade 

70% 

Liobt Output Rakob — The standard 
Glassteel 60% down, 7% up; the silvered- 
bowl lamp and reflector 60 to 65% down, 
no upward light; the shaded enclosing 
globe 50% down, 20% up; coefficients of 
utilization all about the same. Sourcb 
Briqhtnbbs — relatively low. Ft-C. on 
Vbrtical — moderately high. Rb- 

PLBCTBD Glarb — Suitably low for most 
industrial requirements. A group of 
equipment essential to high-quality in- 
dustrial lighting. 

Q 

Direct distributing, large- 
area diffusing panels 

Extended trough reflector 
with cased opal glass 
cover 

Enameled metal reflector 
with diffusing glass cover 

70% 

Light Output Range -50 to 60% de- 
pending on reflector efficiency and trans- 
mission of glass cover plates. Sourcb 
Briohtnbss — generally low, and control- 
lable by increasing area; brightness limits 
for comfort range from 400 to 1000 ft-L. 
Supplementary indirect lighting is often 
used to relieve brightness contrasts against 
an otherwise dark ceiling. 

H 

Direct distributing, large 
area diffusing panel 

Trough reflector with solid 
opal or enameled glass 
cover 

Enclosed skylights 

66% 

This group is classified separately only be- 
cause of lower light output. Light Out- 
put Range — 35 to 45%, depending on 
construction and transmitting material; 
with extra heavy solid opal glass or low 
transmission plastics, the efficiency range 
may extend to even lower limits. Source 
Brightness — controllable by source 
area and diffusion. The size and dis- 
position of luminous panels and artificial 
skylight sections are matters largely regu- 
lated by arohitectiual composition. 

1 

Direct distributing, combi- 
nation skylight 

60% 

Light Output Rangb — may vary over a 
considerable range, depending on construc- 
tion features and type of glass used. Sky- 
lights serving 6o h natural and artificial 
lighting penalise efficiency because there is 
no help from multiple refiections. Skylight 
framing and mullions and mechanical control 
devices likewise lessen effiicienoy. Quality 
factors with respect to direct and reflected 
glare and shadows are highly favorable. 
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EQUIPMENT CHARAC- 
(See distribution curves, 


Class 

Typical Equipment 

Average 

Conditions 

Maintenance 

Factor 

Characteristics 

J 

Semi-direct, vapor-proof en- 
closing globe 

Prismatic glass 

Vapor-proof fitting en- 
ameled steel 

70% 

Light Output Range — 70 to 85%. 
Source Brightness — moderately high 
but acceptable in low- wattage units, or 
where seeing requirements are casual. 
F-t-C. on Vertical — fairly high. Re- 
FLECTEO Glare is moderately severe. 
Used where corrosive vapor, inflammable 
gases, or explosive dust are present. 

K 

Semi-direct, large opaque 
reflector, open-bowl dif- 
fusing 

60% 

Light Output Range — 70 to 80%. 
Source Brightness and Glare — low be- 
cause of the diffusing quality of both bowl 
and reflector. Free from sharp shadows. 

L 

Semi-indireot, enclosing 
globes and shades 

Prismatic glass enclosing 
unit 

0(>en glass reflector with ! 
white-bowl lamp 

70% 

! 

Light Output Range — 75 to 85%. 
Source Brightness — moderately high 
but acceptable in low-wattage units, or 
where seeing requirements are more casual 
than fixed. Fr-C. on Vertical — fairly 
high. Reflected Glare — moderately 
severe. These units, though highly effi- 
cient, represent some compromise with 
certain quality factors; suitable for many 
store and commercial applications. 

M 

General diffusing, stalactite 
unit and projecting lumi- 
nous elements 

White glass enclosing units 
Projecting elements with 
cased glass sides and opal 
bottom 

75% 

Light Output Range — 75 to 86%. 
Source Brightness — some control 

limited by size of enclosing globe. Fr-C. 
on Vertical — good. Reflected Glare 
— average. Used in waiting rooms, stores, 
and banks where distribution is important. 

N 

General diffusing, enclosing 
translucent bowls 

White glass enclosing globe 
Projecting luminous element 
with cased opal panels 

75% 

Light Output Range — 80 to 86% for 
the best quality diffusing glass; 65 or 70% 
for dense molded glass. Source Bright- 
ness — moderate, controllable within 

limits by globe size or luminous area. 
Ft-C. on Vertical — fairly high. Re- 
flected Glare — fairly low. This group 
typifies many different contours of white 
glass enclosing globes. Elongated or 
stalactite globes give better illumination 
on vertical surfaces but with more glare 
and 10% lower coefficients of utilisation. 

0 

Semi-indirect, enclosing trans- 
lucent bowls 

Prismatic glass 

Cased glass bottom, etched 
top 

70% 

Light Output Range — 76 to 85%; 
downward light 16 to 30%. Soubob 
Brightness — usually satisfactory,, should 
not exceed 300 ft-L. for office and school 
applications. Ft~C. on Vertical — 

somewhat Less than semi-direct units. 
Rrflrcted Glare — inherently low. En- 
doeed units have the obvious advantage of 
slower depreciation and ease of maintananML 
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TERISTICS iCtnUinued) 
Table VI-7.) 


Claes 

Typical Equipment 

Average 

Conditions 

Maintenance 

Factor 

Characteristics 

P 

Semi-indirect, open-top trana- 
lucent bowla 

Dense glass bowl 

Plastic 

66% 

Light Output Range — 70 to 80% (with 
desirable position of light source); down- 
ward light 5 to 15%. Source Bright- 
ness — very low. Other quality char- 
acteristics excellent, but open-bowl units 
should get a lower rating for depreciation 
than the enclosed units; the open units, 
however, are likely to be more satisfactory 
from the brightness standpoint. 

Q 

Indirect, shallow-bowl re- 
flectors and shields 

Metal bowl, inside-frosted 
lamp 

Metal shield, silvered-bowl 
lamp 

65% 

Light Output Range — 70 to 80%. In- 
direct lighting inherently receives superior 
ranking from the standpoint of source 
brightness, reflected glare, shadows, and 
other quality considerations. Wide angle 
distribution makes for a more uniform 
ceiling brightness but results in a slightly 
lower utilisation in small rooms than units 
of equal output whose distribution is 
strongly upward. 

R 

Indirect 

Deep metal bowls and 
troughs 

60% 

Light Output Range — 60 to 70%; 
inherent quality of indirect lighting. This 
group comprises many indirect units of 
current design and styling where output 
efficiency has been sacrificed to some extent 
to achieve pleasing reflector contour, 
smaller diameter, and decorative features. 

S 

Indirect 

Wall um 

Column urn 

Wall box 

60% 

Light Output Range — 50 to 60%; may 
vary considerably but well-designed equip- 
ment should attain average outputs of 
55%. Limitations of space and the sixe 
and contour of special types of indirect 
reflectors generally sacrifice efficiency to 
achieve the balance and harmony called for 
in the general design plans. Reflector de- 
sign must avoid spill light and high bright- 
ness on the walls or columns above the units. 

T 

Indirect 

Recessed coves 

Coffers 

65% 

Light Output Range — 35 to 46%. In 
scqall wall coves and ceiling coffers where 
lamps must be deeply recessed, or where 
the lip of the coves must be extended to a 
predetermined sight line, the free opening 
is often relatively small and the cove out- 
put is correspondingly reduced. 

U 

Indirect 

Close odling coves 

65% 

This rlassification indicates a general xone 
of light output;' assuming a 25% output 
downward from secondary reflecting sur- 
faces. Usually custom built to fit individ- 
ual architectural conditions; no general 
data are certain to apply to specific eases. 
Although reflector output may be studied 
for its distribution to secondary reflecting 
surfaces, the actual utilisation is likely to 
vary over a wide range. In large impor- 
tant projects, it may be necessary to buil'i 
scale models to predetermine results. 
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corresponding with that given in Table VI~7 (utilization factors), is 
given. This outline lists the performance of and variation in typical 
commercial equipment and does not represent those of any one manu- 
facturer's product. 

3. Spacing, Moimting, and Number of Units. There are two fac- 
tors in a lighting system that are antagonistic: economy and spacing. 
The spacing should be such that the illumination is uniform. In the 

TABLE 1-8 3 
Spacing of Outlets * 


Ceiling 
Height 
(Height in 
the Clear) 

Spacing between Outlets 

Spacing Between Outside 
Outlets and Wall 

Approximate 
Area per 
Outlet 

(At Usual 
Spacings) 

Usual 

Maximum 
(For Units at 
Ceiling) 

Aisles or 
Storage Next 
to Wall 

Desks, Work- 
benches, etc., 
against Wall 

(Feet) 

(Feet) 

Not more than 


Not more than 

(Square Feet) 

8 

7 

7H 


3 

50-60 

9 

8 

8 


3 

60-70 

10 

9 

9 

Usually 

3H 

70-85 

11 

10 

lOH 


3H 

85-100 

12 

10-12 

12 

one- 

3H-4 

100-150 

13 

10-12 

13 

half 

3^-4^ 

100-150 

14 

10-13 

15 


4-5 

100-170 

15 

10-13 

17 

actual 

4-5 

100-170 

16 

10-13 

19 


4-6 

100-170 

18 

10-20 

21 

spacing 

4-6 

100-400 

20 

18-24 

24 

between 

5-7 

300-500 

22 

20-25 

27 


5-7 

400-600 

24 

20-30 

30 

units 

6-8 

400-900 

26 

25-30 

33 


8-9 

600-900 

30 and up 

2&-30 

40 


8-10 

600-900 


* Concentrating louvered downlights or lens plates provide varying degrees of concentration. 
The spacing between units to provide uniformity over a general area, or lengthwise of a counter or 
work table, should be regulated by the actual distribution characteristics of the unit. In general, 
the usual purpose is fulfilled by a spacing about one-third to one-half the values given. 

Semi-indirect and indirect systems diffuse the light widely from the ceiling as a secondary 
source of large area and the spacing between units may be about 2 ft. greater than indicated. 

Alterimte mercury and incandescent units in combination systems should provide a fair degree 
of uniformity with either system used alone, and should permit overlapping and blending of the 
light when used in combination. An alternate staggered layout with the spacing between units 
not to exceed 0.8 of the mounting height above the floor is recommended. 


most economical system, both as to first cost and operation, economi- 
cal design demands few and large lamps. To obtain uniformity it is 
necessary to place the lamps close together, and this requires a large 
number of small lamps. As in other engineering problems, it is neces- 
sary to obtain spacing and lamp size which produce a satisfactory 
balance between the two opposing factors. 

Fairly definite relationships exist between the height at which 
lighting units are mounted above the work surface and the distance 
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by which they may be separated in order to provide a reasonably 
uniform illumination. The light must come from a sufficient number 
of directions so that shadows will not prove troublesome. In general, 
the permissible distance between units should not be more than 
times the height of the light source above the work; closer spacing 
can do no harm and is often desirable, but if this spacing is exceeded, 
the illumination midway between units falls oS perceptibly. 

Tables 1-8 and II-8 are useful in the determination of the proper 

TABLE II-8» 

Mounting Heights op Lighting Units 


Actual 

Spacing 

between 

Units 


(Feet) 

7 

8 
9 


10 

11 

12 


14 

16 

18 


20 

22 

24 


26 

28 

30 


Equipment B * 


Distance 
of Units 
from 
Floor 


Desirable Mounting 
Height in 

Industrial Interiors 


Semi-indirect 
and Indirect 
Lighting 


Desirable Mounting 
Height in 

Commercial Interiors 


Actual 

Spacing 

between 

Units 


Recom- 
mended 
Suspension 
Length 
(Top of 
Bowl to 
Ceiling) 


(Feet) 

8 

m 

0 


10 

10 ^ 

11 


12H 

14 

15 


16 

18 

20 


21 

22 

24 


12 ft. above floor if 
possible, to avoid 
glare, and still be 
within reach from 
stepladder for clean- 
ing. 


Where units are to 
be mounted much 
more than 12 ft. 
it is usually desir- 
able to mount the 
units at ceiling or 
on roof trusses. 


The actual hanging 
height should be 
governed largely by 
general appearance, 
but particularly in 
offices and drafting 
rooms, the minimum 
values shown should 
not be violated. 


(Feet) 

(Feet) 

7 

1-3 

8 

1-3 

9 

1-3 

10 

lH-3 

11 

2-3 

12 

2-3 

14 


16 

3-4 

18 

3-4 

20 

4-5 

22 

4-5 

24 

4-6 


26 

28 

30 


4- 6 

5- 7 
5-7 


* Equipment B — direct, semi-direct, general diffusing. 


spacing and mounting of the units in rooms of various ceiling heights. 
The modifications necessary for indirect, downlights, and mercury 
vapor-incandescent combinations are also included. The design of the 
spacing begins with the height of the ceiling; this is modified by the 
type of equipment to be used in the installation. Having determined 
the spacing, the proper mounting height is obtained by reference to 
Table II-8. 

The arrangement of units in interiors requires special ingenuity on 
the part of the designer. The adoption of well-designed general light- 
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ing systems eliminates the need for a great many forms of special 
lighting, but there are locations where manufacturing operations, 
peculiar machine grouping, and high machines require localized il- 
lumination. The following layouts are suggestions of ways by which 
the arrangement problem can be approached: 

1. To conform with structural design: 

a. Four units per bay. This is the most 
common system for the square bay of usual 
dimensions. 


6. Four-two system. Equivalent to three 
units per bay, and alternative to four per bay 
where spacing allows. 

c. Two units per bay. Usually applicable 
only in narrow bays where the width is less 
than two-thirds the length. 


d. Two units per bay (staggered). Ac- 
ceptable in large interiors where permissible 
spacing does not dictate four per bay. Less 
favorable appearance, and some areas near 
the walls may be inadequately lighted. 

e. Interspace layout. Applicable in rec- 
tangular bays, but suited only where the cen- 
ter row will not interfere with future structural 
changes such as added office partitions. 


/. One unit per bay. Satisfactory only 
where the bay size is no greater than the 
maximum allowable spacing. An unusual 
condition except in high-ceilinged rooms. 


2. To conform to machine arrangement: 

Qt hf i. In industrial interiors with standard machine arrangement, the 
general lighting system can best be arranged primarily with respect to 
the machine layout, and secondarily with regard to structural features. 
Particularly in the textile, paint, paper, and printing industries, and 
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over special assembly and inspection tables, it is thus possible to favor the 
principal work surfaces and still achieve uniform lighting if the machinery 


were removed. If factories have bulky ma- 
chinery, such as flour mills with intricate 
conveyor systems, which use speciahzed 
machinery, any plan of general lighting will 
encounter obstecles, which will obstruct the 
light and prevent it from reaching impor- 
tant and vital points. The best arrangement 
for the general lighting should be studied and supplementary lighting applied 
wherever required. 

3. Layouts for special applications: 

j. Crane ways. Mount the units on truss 
chords, or hang conduit from messenger cable. 
Stagger units as shown to prevent traveling 
crane from blocking off all light. 


k. Bench lighting. If the general lighting 
system is well planned, special bench lighting 
is unnecessary except where the benchwork is 
very fine and requires much higher illumi- 
nation than is provided throughout the room. 

1. Angle units. In assembly shops with 
high bays, angle units along the walls (20 ft. 
high) will provide additional light for verti- 
cal surfaces. Similarly, large high machines 
or special operations frequently require sup- 
plementary units, mounted perhaps on col- 
umns or walls. 


w. Special purpose units. Some cases 
require special study because of pe^liar re- 
quirements. This is illustrated where special 
units are required to spread a high illumi- 
nation band of light on the vertical surface 
of an automobile body during finishing and 
inspecting. 






Warping Machines -Textile Mill 



D q 
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The number of units which will produce both the most economical 
and the most uniform illumination is determined by using the informa- 
tion for spacing in Table 1-8. Assuming the spacing to be uniform, 
that is, the units on the comers of imaginary squares, the approximate 
area per unit will be the square of the spacing. Since the floor area 
is known, it is a simple matter to determine how many units should 
be used. Seldom is it possible to use this exact number of units, for 
the spacing will be uns 3 anmetrical. However, this does give a check 
upon the spacing, guarding against an absurd number of units. 


Example a. A direct system of lighting is to be used in a room 40 by 50 
ft. and 12 ft. high. Determine the number and the spacing of the units. 

Table 1-8: spacing 10 to 12 ft. making the area per unit 100 to 144 sq. ft. 
Economical number of units to give uniform lighting lies between 


40x 50 
144 


40X 50 
100 


= 20 units 


If the units are spaced on 10-ft. centers and are 5 ft. from the side walls, 20 
units would be used. This would give the most uniform system within the 
limits of economy. If possible, it is well to attempt to space for the least 
number of units. 


4. Room Index and Utilization Factor. Both the room index and 
the utilization factor have been discussed in detail in Chapter 7. 
Tables III-7 and VI-7 are necessary in the determination of the lamp 
size to be used in a given installation. From the dimensions of the 
room and the type of equipment the room index (RI) is chosen from 
Table III-7. The utilization factor can be determined after classify- 
ing the chosen equipment under the proper class in Table VI-7 and 
finding the room control; this consists of combining the ceiling and 
side-wall reflection factors with the proper room index. 

6. Computation for Lamp Size. From the definition of the foot- 
candle (the illumination on a surface 1 sq. ft. in area uniformly lighted 
by a flux of 1 1.), it is possible to determine the number of lumens re- 
quired to give the average illumination. When the efficiency of the 
complete lighting system for utilizing the output from the luminaires 
is known, the number of lumens required in the lamp may be calcu- 
lated. From Table III-6A the nearest size lamp may be chosen. 

The lumens leaving the incandescent lamp are dissipated as fol- 
lows: 

а. By the equipment 

б. By the room proportions 
c. By the color of the room 
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which leads to the initial illumination, and by 

d. Depreciation 


as the lamp becomes dark and the dust and dirt accumulate on the 
lamp, ceiling, walls, and the equipment. After all four items have 
been properly considered, the resultant illumination is the average 
illumination which is an average in a double sense; an average as to 
the work surface area and an average, in time cycle, between main- 
tenance periods. 

The total lamp lumens required per outlet may be expressed as: 

E X A 

total lamp lumens per outlet required = 777= — 

^ ^ ^ rixUF X MF 

where E is the illumination required in foot-candles; A is the area 
per outlet in square feet; rj is the efficiency of the luminaire; UF is the 
utilization factor, and MF the maintenance factor. 


Example h. Design the illumination for a drafting room 37 by 52 ft. 
The room is located in a factory building, has a 13-ft. ceiling painted white 
and walls painted gray. Fixture No. 15 (Fig. 1-8A) has been selected. 

The ceiling height of the room controls the spacing, and therefore the 
number of outlets. Table 1-8 specifies spacings of from 10 to 12 ft. for direct 
lighting in a 13-ft. room. The footnote, however, allows an increase of 2 ft. 
for a semi-indirect unit, and since the equipment is semi-indirect, the spacing 
can be from 12 to 14 ft. This spacing allows 144 to 196 sq. ft. per outlet. 

To determine the probable number of outlets: 

196 144 


where 13 units would be an upper limit giving uniform light but high first cost 
and operation cost, and 10 units would give a less uniform lighting with more 
economy. 

A layout of the room suggests that a spacing of 13 ft. in each direction 
would fit the proportions, that is, the units are spaced 13 by 13 ft. with a 
6-ft. 6-in. spacing at the end walls and a 5-ft. 6-in. spacing at the side walls. 

To calculate the total lamp lumens for the 12 units, it is necessary to 
determine: 


Foot-candles 30 

Room index 3 

Efficiency 72% 

Utilization factor 0.51 
Maintenance factor 0.65 


Table III-3R 
Table III-7 
Fig. I-8A 
Table VI-7 
Table VI-7 


Coefficient of utilization * 0.72 X 0.51 =4 0.37 
37 X 52 

Area per outlet « — — — * 160.3 sq. ft. 

Xa 

30 

Lumens per square foot required at lamp =» 03^ ^ Q 05 “ 124.74 
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Lumens per outlet 160.3 X 124.74 = 19,996 
Table III-6A Select 1000-w. lamp (21,600 lumens) 

21 500 

Average illumination in service = X 30 = 32.3 ft-c. 

ly.yyo 

32.3 

Initial illumination = ;r~ == 49.7 ft-c. 

O.oo 

1000 

Watts per square foot = - 6.24 w. 

iDU.O 

It is essential that the equipment chosen accommodate the size of lamp 
determined above. 

Example h is typical of problems in general illumination using 
standard manufactured luminaires and custom-built equipment for 
which utilization factors have been determined. The method is sim- 
ple, but experience and detailed study are necessary for selecting the 
best equipment and layout arrangement for comfortable and adequate 
illumination within the limits of good economy. 


COVE LIGHTING 

Cove lighting is a system of indirect lighting in which the lamps 
and reflectors are concealed by a molding or some other suitable 
structural element around the edge of the area to be illuminated. The 
light is directed to the ceiling, from which it is diffusely reflected. 
This type of lighting is in such general use that it will be considered 
separately though it could be classified with the luminous architectural 
elements. 

6. Cove Lighting Design. The actual design of a cove lighting 
system — the number of lamps and the determination of the probable 
initial and average foot-candles — is not different from the design of 
any general indirect lighting system. Since the walls and ceiling are 
secondary lighting surfaces, they should be as light as possible and 
should have high diffusing quality. These systems are thought of as 
being very inefficient but this is characteristic of all indirect lighting; 
for example, a good porcelain-enamel trough will have an equipment 
efficiency of approximately 70 per cent. 

The desirability of using the new fluorescent lamp in air-condi- 
tioned spaces makes fluorescent lighting a possibility in conjunction 
with coves. The coves may have continuous light sources, incan- 
descent lamps of the concentrated type, or reflectors. A combination 
of lamps and reflectors may also be used for special treatments in very 
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wide rooms where the normal incandescent installation will not il- 
luminate the center of the floor area. 

Figure 2-8 shows the types and the important features of cove 
lighting design. Considering the various parts of the figure, the special 
features may be summarized as follows: 

a. If the cove is placed too close to the ceiling, the midsection of 
the ceiling will be dark and there will be a very bright line of light 
along the two side walls. A minimum ratio for mounting should be 
approximately 1 to 5; that is, for every foot the unit is mounted down 
from the ceiling the distance of illumination will be satisfactory for 5 
ft. The lower the unit is mounted, the more uniform will be the light- 
ing of the ceiling. 

b. The shape of the ceiling will have an important bearing on the 
resultant effect. It is very difficult to illuminate a true arc of a circle 
with cove lighting. If possible the wall and ceiling surfaces should be 
at right angles and have fillets in the comers. 

c. The plaster cove formed at the time of installation of the wall 
and ceiling finish has been used frequently as a means of concealing 
the lighting equipment. The distribution follows the cosine law 
closely but does not produce a very satisfactory system of lighting. 
There is a lack of control, a lower efficiency, and a tendency to have 
a severe brightness contrast between the various ceiling areas. 

d. The use of reflectors increases the efficiency and the control of 
the system. With reflectors, the coves may be mounted closer to the 
ceiling and approximately uniform light may be obtained over the 
ceiling surface. 

e. When it is necessary to mount the equipment close to the ceiling, 
the prismatic lens is the one satisfactory method for controlling the 
light. The lens will refract the light in the direction for which it is 
designed, and the possibilities for controlling the light are limitless. 

/. Wherever the ceiling is treated with some form of relief, it is 
essential to eliminate harsh shadows. These shadows will occur if the 
cove lighting comes from one side and strikes the relief treatment. To 
eliminate these harsh shadows, the relief work should be cross-lighted 
from the two sides. Cross lighting may be used effectively where it is 
desired to illuminate the ceiling with uniform light. 

g. The presence or absence of scalloped lighting effects is a matter 
of choice for the designer. Some designers require scalloped effects in 
cove lighting to give it interest; others condemn the practice. There 
is a tendency for most illuminating engineers to desire uniform lighting 
effects, but it must be remembered that those whose primary interest 
is the aesthetic may have good reason for either a brushed or scalloped 
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effect. The scalloped effect is produced by using inside-frosted lamps 
so that the direct light falls upon the wall or cove and produces a 
severe brightness contrast in the region near the lamp. This is an 
effect which approximates the inverse square law control of illumina- 
tion. A brushed effect may be obtained by using clear lamps in the 
same kind of cove with the result that striations from the lamps resem- 
ble brushed streaks of light. 

h. The recessed cove (Fig. 2-8/i), with a secondary reflector in 
front of the lamp, produces an efficient means of obtaining uniform 

TABLE III-8^ 

Average Foot-Candles in a Typical Room 
Lighted by Several Kinds of Coves 
(Original table converted to lumens of Table III-CA.) 


Type of 
Cove 

Reflector 

Watts 

Lamp 

Finish 

Service 

Spacing 

Avg. 

Ft-c. 

Initial 

Ft-c. 

Open 

Polished 

chromium 

60 

Clear 

Lumiline 

Continuous 

15.0 

27.3 

Open 

Matte white 

60 

Clear 

Lumiline 

Continuous 

16.1 

27.5 

Recessed 

Polished 

chromium 

60 1 

Clear 

Lumiline 

Continuous 

13.9 

25.3 

Recessed 

Matte white 

60 

Clear 

Lumiline 

Continuous 

12.2 

22.2 

Recessed 

Translucent 

glass 

60 

Clear 

Lumiline 

Continuous 

15.7 

28.5 

Open 

Matte white 

60 

I.F. 

General 

18-in. 

18.5 

33.6 

Recessed 

Matte white 

60 

I.F. 

General 

18-in. 

16.4 

29.8 

Recessed 
and reflector 

Silvered 

glass 

60 

I.F. 

General 

18-in. 

16.5 

30.0 


The ceiling has a 75% reflection factor and the walls a 30% reflection factor. The units are 
20 in. from the ceiling. The room is indefinite in length, 14 ft. wide and 8}^ ft. high. The wall ia 
curved to meet the ceiling as in Fig. 2-86. The maintenance factor is assumed as 0.55 


cove lighting. The direct light from the lamp is reflected from a 
secondary reflector near the source and falls directly on the cove only 
in that region where the square law becomes effective. 

In the open type of cove (Fig. 2-8^), it is necessary to place the 
lamps on 6- to 9-in. centers; in the recessed cove the lamps may be 
spaced 12 to 18 in. apart. The recessed cove, using larger but fewer 
lamps, is more economical in outlets and operating cost but more ex- 
pensive in cove construction. 

Example c. Determine the average and initial illumination in a room 
14 by 20 ft. with a 9-ft., 75 per cent reflection factor ceiling and a 30 per 
cent reflection factor wall surface. The illumination is from a cove (Fig. 
2-8^) using 60-w. inside-frosted lamps on 18-in. centers. 
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60-w, lamps 835 1. each Table III-6A 

Efficiency (porcelain-enamel 
reflector 65-77% Table 1-7 B) 70% 


Room index 

2.0 

Table III-7 

Class T equipment 


Table VI-7 

Utilization factor 

0.37 

Table VI-7 

Maintenance factor 

0.55 

Art. 2 

13 units on each side. 

Total of 26 units. 


26 X 835 = 21,710 total lumens from lamps 


21,710 X 0.70 X 0.37 X 0.55 
14X20 


= 11.1 ft-c. average illumination 


11.1 
0.55 
26X 60 
14X 20 


= 20.1 ft-c. initial illumination 


= 5.57 w. per sq. ft. 


TABLE IV-8 

Cove Lighting Design Factors • 


Ceiling 

Very Light 

Fairly Light 

Walla 

Fairly 

Light 

Fairly 

Dark 

Very 

Dark 

Fairly 

Light 

Fairly 

Dark 

Very 

Dark 

Room 

Proportions 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

Width approximately 4 
times ceiling height 

Width approximately twice 
ceiling height 

5.0 

5.5 

6.0 

6.5 

7.5 

8.5 

Width approximately equal 
to ceiling height 

6.5 

7.5 

9.0 

9.5 

11.0 

13.0 


* Based on 70% equipment efficiency and a 70% depreciation. Multiply work surface lumens 
by design factor. 


Table III-8 gives a report on the average illumination obtained in 
a room 14 ft. wide of indefinite length. Approximate values for il- 
lumination with fluorescent lamps under the same conditions may be 
obtained by correcting the data for the lumiline lamps by the lumen 
ratio. 

Table IV-8 gives a series of factors for rapid design of cove light- 
ing. The work surface lumens times the correct factor determines the 
lamp lumens. 


LOUVER AND BUILT-IN TRANSBttTTING SYSTEMS 

Installations of louver or built-in plate equipment (Figs. 3-8 and 
4-8) are designed by the same methods as all general lighting installa- 
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tions. The maintenance factor and utilization factor are approxi- 
mately the same for the various types of lighting but the efficiency is 
influenced by the design. The material given in this section shows 
what factors are operative and what part each plays in this influence. 

7. Louver Equipment. Wherever it is desired to have bright di- 
rectional light without glare, louvered equipment gives the best results. 
The brilliancy obtainable gives contrasting shadows, thus strengthen- 
ing detail and adding to the power of attraction in store installations, 



Para//^f La ft fee or A/esfeaf Obffq^ue Hone^ Plaiaf 

Egg Crafe 3gt/ares Comb 



Seeffons of Para//e/ 

Fig. 3-8.*' * Louver patterns. 


such as show-window displays. The equipment is constructed by using 
a series of metal fins which conceal the source and control the spill 
light. These fins can be decorative as well as useful. 

The louver produces the following modification of the lighting 
system: 

a. Introduces loss 

b. Amount depends on reflector characteristics 

1. Concentrating most efficient 

2. Diffusing causes losses 

3. Diffusing plates with louvers increase the loss. 

8. Louver Design. The two types of louvers {source^oncealing 
and general concealing) make it necessary to allow from 15 to 50 per 
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cent additional lamp lumens because of the low eflBciency. The source- 
concealing louver has a cutoff of about 10 degrees from the vertical, 
whereas the general concealing louver (reflector and lamp) has a cutoff 
of about 30 degrees from the vertical. The louver must eliminate the 
brightest areas of the lamp (about 180 c. per sq. in. in the filament); 
the other portions of the lamp have a brightness of from 3.5 to 4 c. 



(a)-’Sp///- f/ghf Contro! 



(ehCe/7fer Cap (fyO/ffus/ng Mecf/a 


Fig. 4-8.*' * Considerations in louver design. 

ner sq. in. Up to 45 degrees with the vertical the louver must be con- 
trolled for brightness. At anything less than 45 degrees, the eyebrows 
shield the eyes from direct glare when the vision is in a normal direc- 
tion. 

In the design of louvers: a, only the smallest possible surface 
should interfere with the passage of light; 6, thin edges are less ob- 
structive; c, the louver should be parallel to the light beam if possible; 
and the over-all efficiency of a good louvered equipment will be, for 
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the source-control type, 70 to 85 per cent; for a general concealing 
t3rpe, from 50 to 75 per cent. The materials of which the louver is 
constructed and the various finishes on the louver may have a marked 
influence on the efficiency. Any combination of the following materials 
or finishes may be used: 


Materials Used for 
Louvers 
Sheet Steel 
Aluminum 
Bronze 
Glass 
Plastics 
Castings 
Aluminum 
Zinc alloy 


Finish on Louvers 
Black (source-concealing) 
White 

Brown (reddish) 

Gray (medium) 
Aluminum (bright) 
Aluminum (deep etched) 

(All finishes should be 
heat resisting.) 


The louver shape may be varied as shown by Fig. 3-8. The most 
common type is the concentric louver, which early became of general 
use in the control of the beam of light from floodlights, both interior 
and exterior. 

The design of the reflector and spacing of the louver, which should 
be left to the manufacturer, is being developed frequently in the office 
of the architect where the recessed equipment is considered a part of 
the building. The general concealing type of louver should be based 
on the cutoff angle selected. Figure 4-86 is used as a guide in the 
follovdng development for spacing. In general concealing equipment^ 
the spacing should be: 

a ^ h tan 6 

where h is the height of the louver and 0 the selected angle of cutoff. 
Usually an angle of 30 degrees is a satisfactory cutoff angle for com- 
mercial installations. 

For the source-concealing type (Fig. 4-8o) the louvers are not spaced 
in a regular manner because the reflector is not considered, but the 
source must be invisible from all angles. These are usually designed 
by the cut-and-try method, but the following expression will solve the 
problem. 

The louvers (Fig. 4-8a) are spaced according to a geometrical pro- 
gression, where 

the first term is: (A + s) tan a 
the ratio is: 0 -f 
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(h 4- 

and the last term is: zi tan a 

gn-l 

Here the last term, the distance Z, is measured from the center of the 
louver; h is the height of the louver; 5 is the distance from the source 
to the top of the louver, and n the number of louvers counting out 
from the center line. If a cap is used to conceal completely the lamp 
filament (Fig. 4-86), it is not counted as one of the louvers. The first 

TABLE V-8^ 

Ratio Spacing to Mounting Height op Light Center Above Horizontal 
Plane por Illumination of a Predetermined Uniformity 


(Inside>frosted lampe and deep-etched aluminum louvers used with all 

equipments) 


Reflector 

Spacing/Mountang Height Ratio 

Shape 

Surface 

Max./Min. ft-c. 1)^:1 

Max./Min. ft-o. 2:1 

7-ring 

Louver 

5-ring 

Cup 

Combination 

Louver 

Plaid 

Louver 

7-ring 

Louver 

5-ring 

Cup 

Combination 

Louver 

Plaid 

Louver 

Parabolic 

Polished Aluminum 

0.35 

0.4 

0.32 

0.4 

0.5 

0.42 


Oeep^tched aluminum 

0.80 

1.1 

0.78 

0.95 

1.1 

0.94 


White 

0.85 

1.2 

1.06 

1.1 

1.4 

1.3 

Spherical 

Polished Aluminum 

0.46 

; 0.48 

0.48 

0.63 

0.54 

0.54 


Deep>etohed aluminum 

0.80 

1.1 

0.78 

0.95 

1.1 

1.05 


White 

0.85 

1.2 

1.05 

1.1 

1.4 

1.3 


Note: When the parabolic poliahed reflector waa fitted with parallel deep-etohed louvera and a 
ribbed-tflaaa platb, the apacing /mounting ratio 90^ to the liaae riba waa 0.68 for a maz./min. ft-c.lH-‘f 
and 0.76 for a max. /min. ft-c. 2:1. 

Elliptical pdiahed aluminum reflector with concentric conical aection louvera haa spacing/ 
mounting ratioa of 0.90 and 0.95 reapectively. 

louver is at the cutoff angle. The distance as expressed by the last 
term above is not easy to use if there are several fins to be designed. 
It is easier to multiply the terms progressively by the ratio as given. 

Example d. Determine the spacing of louver fins for a general concealing 
unit having an angle of cutoff of 30 degrees. It is desired to use louver fins 
2 in. high. 

a * A tan 30® 

spacing, o = 2 X 0,577 » 1.11 in. 

Example e. Determine the distance of the third louver fin from the 
center line of a source-concealing louver unit, if the cutoff of the first fin 
is 10 degrees and the distance from the source to the louver is 12 in. with a 
fin 3 in, high. 
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Fig. 5-8.* Recessed louvers and louvers used with coves. 


9. Louver Application. Figures 5-8 and 6-8 show several applica- 
tions of louvers in illumination design. There are a great number of 
general lighting luminaires that embody louvers in their design. 
Counter units and spill-ring units may be classified as louvered equip- 
ment. Many of the supplementary lighting units use source-conceal- 
ing louvers to reduce annoyance from the installation. 
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Fio. 6-8.‘ Louvers in columns, pilasters, and architectural elements. 
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Table V-8 is a table of spacing and mounting height ratios for re- 
flectors of different shapes, and Fig. 7-8 shows the influence of the 
shape of the reflector in two sets of curves. Parabolic reflectors have 



0 ! Z 3 4 5 6 7 0 / Z 3 4 5 6 7 

Horrzonfa/ Distance from Un/f 

Fig. 7-8.* Effect of shape of louver upon the efficiency. 


a more concentrating beam of light if the lamps are placed at the 
focus (Fig. 4-8c) and are correspondingly more efficient, but spherical 
reflectors have a greater range of spread and may be spaced farther 
apart. The spherical reflector is suitable for a greater variety of ap- 
plications than is the parabolic. ^ — , , j , , 1 

The loss of light because of the use ^ \ 

. , ^ ^/ 2 o \-.Parab<?//c Ref/ector,3‘/aF.U 

of a louver with a spread type of :§ \ TConcenMc R/n^s louder 

. reflector is shown in Fig. 4-8d. An ^ — V Etche^l 

elliptical reflector (Fig. 10-7, page V j | [ | 

173) will give a second focal point ^ ^rPoUshecf a 

outside itself which is equivalent to ^ -V 

locating the reflector at the exter- ^ ^yPeep £fch^ Afummum 

nal point. This permits a reduc- ^ 

tion in the louver depth, for these | 

louvers designed parallel to the ^ ^ L, ...I L , , .1^1 msssaLsm 

beam are at right angles to the Mor/zonta/ D/stance from (M/f /r? ft 

vie^ng direction. , ^ . Fio. 8-8.® Effect of reflector finish upon 

i^lgure 8-8 shows the effect of the efficiency of louver equipment, 
reflector finish with louver equip- 
ment; Table VI-8 and Fig. 9-8 evaluate the effect of the finish of 
the louver upon the performance of the louvered equipment, and Table 
VII-8 combines the composite effects of reflector finish, louver finish, 
and type of louver. The finish of the louver should be such that there 


^Po/fshecf Afi/mmum 


^Deep ffcheaf Afam/oum 


' F/af m/Ye 


0 / Z 3 P 5 € 7 

Hor/zor?fa/ 0/ stance from Ontt/n ft, 

Fio. 8-8.* Effect of reflector finish upon 
the efficiency of louver equipment. 
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TABLE VI-8» 

Efficiencies of Polished Aluminum Elliptical Reflector With and Without 
Louvers of Four Concentric Conical Sections 
(100-w. Inside-Frosted Lamps) 


No louvers 78 

Polished aluminum louver (R.F. 81%) 56 

Deep-etched aluminum louver (R.F. 80%) 53 

Flat white louver (R.F. 72%) 50 

Flat gray louver (R.F. 32%) 40 

Black louve r (R.F. 4%) 34 


TABLE VII-8* 


Comparison of the Efficiencies of Louvered Reflectors Inside- 
Frosted Lamps in All Units 


Louvers 

Reflectors 

Form 

1 

Finish 

Polished 

Aluminum 

Surface 

Deep-Etched 

Aluminum 

Surface 

Flat White 
Paint Surface 

7 concentric 

Polished Aluminum 

47 

38 

34 

rings 

Deep-etched Alumi- 





num 

65 

57 

53 


Flat white 

54 

42 

36 


Flat gray 

44 

31 

24 


Black 

40 

26 

19 

5-nng and cup 

Polished aluminum 

54 

40 

33 

combination 

Deep-etched alumi- 





num 

57 

47 

43 


Flat white 

56 

43 



Flat gray 

50 

37 



Black 

47 

34 


Plaid 

Polished aluminum 

40 

28 

21 


Deep-etched alumi- 





num 

53 

40 

34 


Flat white 

46 

25 



Flat gray 

29 

15 



Black 

26 

12 


4 rings 

3 parchment 

54 

44 

39 


1 opaque white 




No louvers 


83 

80 

77 







LOUVER APPLICATION 


243 


is no annoyance from reflected glare, but it is not always necessary 
to take away interest by using a black finish. A sparkling and lively 
effect may be obtained by the use of glass, plastic, or polished aluminum 
louvers. The color of the louver may harmonize with the decorations. 
Care should be taken that the brightness of the louver does not cause 



0 20 40 60 80 iOO 

Reflect /on Factors of louyers 

(a) 


0 20 40 60 BO 100 

Ref/ecfion Factors of Louvers 

fb) 


Fig. 0-8.‘ Effect of the louver finish upon the efficiency. 


a severe brightness contrast with the surrounding surface. Table 
VIII~8 gives some comparative data of brightness in louver surfaces. 
The design of the louver will have an influence on its brightness. One 
which is brightly polished may act as a mirror and produce multiple 
filament or lamp images. This 
type of louver should never be 
used with clear lamps. The 
silver-bowl lamp adapts itself 
to varying types of louver de- 
signs. 

Sometimes it is desirable to 
use a cover glass in conjunction 
with the louver, and in every in- 
stance the glass should be above 
the louver, to reduce louver losses 
and lower equipment brightness 
(Fig. 4~8/). l^is enhances the 
appearance of the installation and will eliminate striations in the beam 
pattern. A group of curves showing the effect of the cover glass upon 
the distribution of the light from the complete equipment is given in 
Fig. 10-8. The plate reduces the light output from 6 to 11 per cent 
(92 per cent transmission plate), but this factor depends upon the type 
of material used in the plate. 


80\ 

V 


Fo» 

% 

Osf/eaf A/umfr?um Reftector 
ParaJbo//c, 3ifn. F.L 

Rim Cut to Form Square 

\r/>ef/fch>r On/f/, 



Witt? £aa~crate louver. 

. 1^ 1 27J%m 





o / 2 3 4 s e 7 

Hor/zontaf D/sta/ice from Umt m ft 

Fig. 10-8.® Effect upon the efficiency of 
louver equipment when diffusing glass is 
used. 
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10. Built-In Transmitting Systems. Like cove and louver equip- 
ment, built-in transmitting systems, which are usually confined to 
small box coffers (12 by 12 in.), could be classified with the luminous 
elements; but since they obey the principles of general lighting 


TABLE VIII-8'^ 
Louver Brightness 
(Candles per Square Inch) 




Reflector Surface 

Louver 

Lamp 

Polished 

1 White 


i 

Rim 

Mid- 

dle 

Cen- 

ter 

Rim 

Mid- 

dle 

Cen- 

ter 

7-ring deep-etched 

I.F. 

1.0 

7.0 

25.0 

2.5 

10.0 

25.0 

7-ring white 

I.F. 

0.5 

1.7 

8.25 

0.88 

1.63 

8.6 

7-ring gray 

I.F. 

0.07 

0.25 

4.5 

0.35 

2.0 

5.0 

7-ring black 

I.F. 



0.25 



0.3 

7-ring white 

Silver Bowl 

0.18 

1.2 

0.13 

0.6 

1.26 

0.65 

7-ring deep-etched 

Silver Bowl 

1.7 

4.0 

0.4 




13-ring gray 

I.F. 

1.0 

2.0 

4.0 

1.4 

2.0 

4.0 

5-ring and cup — deep-etched 

I.F. 

3.0 

3.0 

20.0 

3.0 

5.0 

25.0 

Plaid — deep-etched 

I.F. 

0.5 

7.5 

13.0 

1.1 

9.0 

13.0 

4-ring 3-in. gray 

I.F. 

0.09 

0.7 

2.6 

0.4 

1.4 

2.0 

7-ring gray and hammered 








glass 

I.F. 

0.1 

0.9 

4.0 

0.35 

1.2 

2.5 

4-ring gray and hammered 


1 






glass 

I.F. 

0.12 

0.35 

2.0 

0.35 

1.5 

1.4 

13-ring gray and hammered 








glass 

I.F. 

0.9 

2.0 

2.5 

1.0 

2.5 

3.0 


schemes using luminaires, it seems advisable to include them. For 
general designing, the utilization factors as given are applicable, though 
wherever they are used for supplementary lighting equipment, the 
point-by-point method gives results of practical accuracy. Though the 
units may be classified and utilization factors obtained, the efficiency 
and spacing as well as the unit brightness require special attention. 
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The light boxes commonly used may be divided into two classes: 
those which are covered with some form of transmitting medium which 
is translucent and acts as a light diffuser, and those which have pris- 
matic lens plates where the source acts as a point source of light and the 
lens is designed for accurate flux control. In louvered units, the shape 
and finish of the reflector, control the light distribution, and the louver 
itself controls the brightness; in the built-in box units, the cavity 
shape, its reflection factor, and the type of media all enter into both 
the distribution and the brightness. 


11. Boxes with Diffusing Media. Figure ll-8a shows the effect of 
the reflection factor upon the efficiency of the unit. In this type of 
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Fig. 11-8.® Effect upon the efficiency of light boxes with translucent cover material, 
(a) Various materials used as a cover. (6) Effect of cavity dimensions. 
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unit, the shape of the cavity (because of the diffusing properties of the 
plate) is not as important as the reflection factor of the box. The 
cavity may be finished with Alzak aluminum, porcelain enamel, alu- 
minum, or casein paint. All reflector finishes, however, should have 
high reflection factors and be heat resisting. Cavities will follow the 
same law as room size (room index) in returning the light through the 
cover media; the probable efficiency with cavity size is shown in Fig. 
11-85. Except for the small box units, these systems should be con- 
sidered as an architectural luminous element and treated as in Chap- 
ter 9. 

12. Prismatic Lens Plate Systems. Where accurate control of the 
light beam is desired, both the reflecting surface and the transmitting 
medium must control the light accurately. Spherical reflectors return 
the light to the source and thereby reinforce it. They are of value 
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only when they subtend a solid angle with the primary source which 
is the angle equal to that subtended by the lens plate. If the light 
leaves the source in parallel rays (parabolic reflectors with source at 
focus), simple lenses, prisms, or ribbed glass will control the beam; 
but where the light leaves the source in a radial direction, the design 
of the control lens will be elaborate. 

Figure 12-8 shows the effect of lamp filament position on the dis- 
tribution of the light from the lens plate. The light distribution 
becomes wider as the light source is moved toward the lens and nar- 
rower as it is moved away. If the light source is offset, the beam of 



Fig. 12-8. The effect of lamp position behind a prismatic control lens. 

light is offset in the opposite direction. It, therefore, follows that by 
changing the position of the lamp filament a wide range of light dis- 
tribution may be obtained. If colored lamps are placed behind the 
lens plates and the correct offset is used, it is possible to have selective 
color distribution in show windows for novelty effects. Since the 
design of the lens depends upon the assumption of a point source 
of light, the clear lamp makes for better control than does the inside- 
frosted lamp. The table shows the comparative candlepower output 
from clear and inside-frosted lamps: 

Watts Initcnsive Lens Plate Extensive Lens Plate 
100 2 5 

200 14 7 

300 26 13 

The increased spread from the larger lamps is caused by the distribut- 
ing characteristics of the lamp itself. 



Design Data for Applying Direct Transmitting Equipments 
















TABLE X-8* 

Brightness — Candles per Square Inch 

(Brightest square inch at angles indicated — cavity 12 by 12 in. with transmitting medium) 
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13. Spacing and Brightness. The spacing and brightness charac- 
teristics of built-in types of small lighting coffers are given in the 
Tables IX-8 and X~8. Data given in Table IX-8 may be used in 
calculating the illumination and determining the limits of spacing for 
a given illumination uniformity. When the coffers are used in single 
row application (over work surfaces or store counters), the width of 
the area that can be illuminated to a predetermined ratio of maximum 
to minimum foot-candles over the given area can also be calculated 
from Table IX-8. Data in Table X-8 tabulate the brightness in can- 
dlepower per square inch at several angles. Assuming the element to 
be horizontal at normal heights, the most disturbing zone lies between 
40 and 70 degrees. Brightness in the 0- to 30-degree zone will depend 
upon the use of the equipment; for small merchandise where sparkle 
and scintillation are desirable, the brightness may be high, but if ex- 
tended areas are exposed to the beam, the reflected glare may be very 
anno3dng and objectionable. Only where the rooms are low and long 
will there be a likelihood of disturbance from the 70- to 80-degree 
angle. 

14. The General Lighting Problem. The solution of the general 
lighting problem centers around the determination of the utilization 
factor and the efficiency of the equipment. The utilization factor has 
been determined for special classes of equipment and these values are 
satisfactory for practical purposes. The efficiency, however, must be 
determined for each specific piece of equipment to be used, and it 
must be used under the same arrangement in the installation. The 
control of the quality of the light, including distribution, shadow, 
glare, brightness contrast, and appearance, must be obtained by ex- 
perience with the factors previously discussed. Table XI-8 gives a 
rapid method for determining the probable average illumination from 
coefficients of utilization. 

In addition to the point-by-point and flux methods of lighting de- 
sign, there is the watts-per-square-foot method. Since the number of 
foot-candles that can be used economically for lighting is continually 
changing, the watts-per-square-foot factor would have to change cor- 
respondingly. For satisfactory work in designing, even in the practical 
field, experience and data from a great number of working installations 
are required for any degree of reliability. 
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XI~8* 

NATION Values * 
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PROBLEMS 

Form to be used when recording data for illumination design problems: 


Layout 


Ceiling Color _ 
Side Wall Color. 

Luminaire 

Mounting 


Use 

Location 

Kind of Work 
Ceiling Height. 


Outlet Spacing 

Side Wall Spacing 

Number of Outlets 

Foot-Candles 

Area per Outlet 

Lumens per Square Foot 

Lumens per Outlet 

Lamp Size 


Room Index 

Class of Equipment 

Luminaire Efficiency — 

Utilization Factor 

Maintenance Factor 

Coefficient of Utilization 

Average Illumination 

Initial Illumination 


Watts per Square Foot 




rn 
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1. Using layout A design the illumination for a general business office (unit 
12 of Fig. 1-SA). The office is 60 ft. by 22 ft., and has a ceiling height of 13 ft. 
The ceiling is painted eggshell white and the side walls buff. Desks are along the 
walls. 

2. Design fluorescent lighting for the office in problem 1, using a recessed 
troffer unit (M of Fig. 1-8B). 

8. Using layout B, design the illumination for a school library (unit 15 of 
Fig. 1-8A). The library consists of the main reference room of six ba3nB 20 ft. by 
40 ft., and an entrance of two bays 20 ft. by 10 ft., a small reading room of two 
bays 20 ft. by 10 ft., and a cataloging room of four bays 20 ft. by 30 ft. The 
ceiling is 12 ft. high and painted a pearl gray; the side walls are painted medium 
gray. 

4. Design fluorescent lighting for the library in problem 3, using the open- 
top unit {J of Fig. 1-8B). 

5. Using layout D, design the illumination for a small hardware store 24 ft. 
by 46 ft. (unit 9 of Fig. 1-8A). There are wall shelves and counters in the room. 
The ceiling is 13 ft. and painted very light; the side wall is painted fairly light. 

6. Design the fluorescent lighting for the hardware store in problem 5, using 
the lens unit (C of Fig. 1-8B). 

7. Consider layout E for a ladies’ apparel shop located in the theater district 
of a large city, using unit 21 of Fig. 1-8A. The ceiling is a matte white, the 
side walls ivory tan above a 7-ft. walnut wainscoating. The ceiling is 19 ft. 6 in. 
high and the bays are 26 ft. by 25 ft. 

8 . Repeat problem 7, using fluorescent lighting obtained by means of lumin- 
aire E of Fig. 1-8B. 

9. The manufacturing plant represented by layout F uses the high-bay 
section for assembly work and the low bays for rough machine work. The high- 
bay portion is divided into 20- by 36-ft. bays, the low-bay portion into 20- by 
20-ft. bays. The low bays are 14 ft. high and the high bays 34 ft., with the crane 
9 ft. below the roof truss. The walls are of factory glass construction with white 
paint on glass-free surfaces. The ceiling is painted white. Determine the lighting 
design with unit 5 (Fig. 1-8A) in the high bay and unit 2 (Fig. 1-8A) in the low 
bay. 

10. Design the low-bay lighting in problem 9, using RLM fluorescent unit N 
(Fig. 1-8B). 

11. A turbine shop shown in layout O uses unit 6 (Fig. 1-8A) in the high 
bay and unit N (Fig. 1-8B) in the low bay. The high bay has 25- by 52-ft. 
bays, the low bay 25- by 25-ft. bays. The high bay is 40 ft. high and the top of 
the crane is 34 ft. from the floor; the low bay is 12 ft. high. Determine the 
lighting design if percentage of window area is large and the interior is finished in 
factory white. The craneway is used for medium assembly and the low bay is 
used for medium bench and machine work. 

12. Layout ff is for a women’s cloak and suit factory and measures 54 ft. 
by 117 ft. 6 in. The elevator end is used for cleaning, pressing, finishing, and in- 
spection. The other end is used for sewing machine benches. There are 8 ma- 
chines per table. The ceiling is 12 ft. high, the walls fairly dark, the ceiling fairly 
light. Design the lighting, using unit 2 (Fig. 1~8A). 

18. In a room 40 ft. by 60 ft., having a 12-ft. ceiling, feture 2 (Fig. 1-8A) 
is mounted 11 ft. from the floor. The side wall has a reflection factor of 10% 
and the ceiling a reflection factor of 30%; results in an illumination of 10 ft-o. 
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when using a 600-w. lamp. In remodeling the store, fixture 9 (Fig. l-SA) with a 
30Q-W. lamp mounted 9 ft. from the floor, was chosen; the side wall was painted 
tan, and the ceiling a very light gray. If this change is made, (a) what will be 
the illumination when the system is operated initially, (b) what is the average 
illumination which may be expected? 

14 . Ekjuipment 8 (Fig. 1-8A) has been chosen at a 9-ft. mounting; also ivory 
white for the ceiling with medium gray for the side wall and a 500-w. lamp for the 
fixture in redecorating and renovating an office 20 ft. by 30 ft. with a 12-ft. ceiling. 
What will be the resultant average illumination if the present measured conditions 
show 6 ft-c., a side wall reflection factor of 15% and a ceiling reflection of 40% 
when using a 300-w. lamp in the fixture? 

15 . A classroom 37 ft. by 62 ft. and 17 ft. high uses a 300-w. lamp in a No. 
8 (Fig. 1~8A) luminaire. The ceiling is fairly light and the side wall fairly dark, 
with a resultant illumination of 7 ft.-c. Using approximately the same wattage 
(as close as possible and still consistent with the wattage of fluorescent lamps), 
equipment 0 (Fig. 1-8B) is to be installed and the room is to be repainted with 
the ceiling an eggshell white and the side walls a satin green. What will be the 
improvement in illumination if the unite are mounted 30 in. from the ceiling? 
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CHAPTER 9 

LUMINOUS ARCHITECTURAL ELEMENTS 


The development of the use of luminous elements following the 
Century of Progress Exposition in Chicago marked a period of rapid 
transition in architecture. Where before the lighting was an accessory 
to the building, the luminous elements now became architecture itself. 
New light sources, new building materials, and new transmission media 
all aided in holding the interest of the designer. This marked a radical 
departure from the suspended light which was the normal source posi- 
tion from the beginning of the development of artificial light. The 
art of lighting having taken a new trend, cooperation came from every 
side: the designer could eliminate unsightly fixtures and develop in- 
dividual treatments; the utilities found an outlet for more energy, and 
the client was willing to pay the additional price because of increased 
advertising value. With all these in accord, there is little doubt that 
luminous architectural elements are established as a permanent method 
of artificial illumination. 

1. Luminous Elements.^’ * The luminous element may be used for 
either exteriors or interiors of buildings. In this connection, the new 
luminous store fronts of glass block construction, which is taking its 
place among the new media with which the architect may work, must 
be considered. The luminous element is essentially for custom-built 
installations as contrasted to the built-in boxes with translucent ma- 
terials (discussed in Chapter 8). No general design data can cover all 
the variables encountered in the many designs; both the space limita- 
tions and the variety of materials introduce characteristics beyond the 
control of the designer. In general, an attempt is made to obtain a 
panel of uniform brightness, but if the depth is limited or the material 
is very translucent, a spotted eJffect will result. There are some typical 
forms which have been studied seriously and these fonns are subject 
to design procedure. Others, however, must be designed by an ex- 
perienced architect or illuminating engineer and, if possible, models 
should be tested. The methods reported for testing standard sections 
are equally applicable to specific models. 
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Though the major portion of the designs requires a uniform illu- 
mination of the panel, it is possible to design non-uniform elements 
when they are desired. The graduation of the brightness of the ele- 
ment surface is accomplished by reflector design and illumination of 
the element from one side. The character of the material used as a 
translucent cover will influence the character of light distribution. 

The design of the usual luminous element may be reduced to a 
general lighting problem. The utilization factors for the various types 
(flush and projecting) are given in Table VI-7 (page 208), and the 
enclosed type has a higher maintenance factor (approximately 75 to 80 
per cent) than the ordinary suspended luminaire. Luminous elements 
are of very low efficiency as compared with the customary types of 
luminaire (not more than 50 per cent for flush panels of highest ef- 
ficiency). When the reflector is properly designed, efficiencies as high 
as 66 per cent can be obtained. In contrast with the procedure in a 
general lighting problem using luminaires, the designer does not adopt 
some manufactured unit for which brightness and efficiency is estab- 
lished, but actually designs the unit, thereby controlling both the 
efficiency and the brightness. 

2. Brightness of Elements. The use of elements on the exterior is 
mainly for advertisement and, as such, must be prominent in com- 
parison with the surroundings; at least the brightness contrast must 
be as high as is economical. Factors influencing the brightness are: 

а. Extent of pattern and size of element. 

б. Character of business — theaters need high brightness. 

c. Relative brightness in whole design, for emphasis requires more 
brightness — signs should always have a higher brightness than the 
surroundings. 

d. Character of surrounding lighting both as to size and brilliancy. 

e. Lower brightness is permitted if colored light is used. 

Table 1-9 gives the suggested brightness for various surfaces as to 
surroundings and materials of construction. 

The brightness of the element in an interior is governed by the 
principles of good seeing. Glare and excessive brightness contrast 
must be avoided, and the illumination must be such that it will give 
enough light for the task that must be performed. At present, lu- 
minous architectural elements are still used for their particularly at- 
tractive effect, and are therefore more an element of display than of 
utility. In executing applications of luminous elements for interiors, 
the designer should keep in mind the following facts: 
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a. The higher the element is mounted the brighter it may be (as 
with luminaires). 

b. Higher brightness may be used in passages and places where no 
close visual tasks are performed. 

TABLE 1-9 

Suggested Brightness Values for Exterior Application 



General Brightness of District 

Type and Application of Luminoua Element 

Low 

Medium 

High 


Foot-Lamberts 

Decorative flush elements (principal unite in design) (in- 




eludes panels and recesses) 

30-100 

60-160 

100-300 

Decorative projecting elements (principal units in design) 
Decorative elements (as spandrels and niches, particularly 

50-130 

70-170 

150-300 

when subordinate elements in design) 

30-60 

40-80 

50-150 

Luminous background signs 

90-150 

120-200 

150-350 

Luminous letter stroke signs 

Small luminous facades (as small entirely luminous store 

150-200 

200-400 

300-600 

fronts and buildings) 

80-120 

100-150 

120-200 

Marquee and entrance soffits and marquee fascias 

Luminous beams under canopies and marquees (restricted 

80-150 

100-250 

200-400 

•ise. as for gasoline service stations) 

Pylons (as for gasoline service stations, entrance markers. 

150 

250 

400 

etc.) 

100 

200 

300 


TABLE II-9 

Suggested Brightness Values 
FOR Interior Application 


Foot-Lamberts 


Protruding ceiling elements, 20 
ft. or more above floor 600 

For elements in low ceilings, 
particularly in larger rooms 
(lower over mezsanine) 250 

Wall panels or recesses in pas- 200 

sages 

Wall panels and niches not 
usually in line of sight 125 

Decorative panels constantly 
in view 75 


c. Because of direct glare, the larger elements cannot be as bright 
as small ones. 

d. Care must be taken not to exceed the usual allowable bright- 
ness contrasts. In a well-lighted area, the element can be made 
correspondingly brighter. For equal glare effect, the illumination 
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must be increased 10 times to permit doubling the brightness of the 
element. 

Table II~9 gives values for brightness which are advisable to use 
for luminous elements in specific locations. Note that where the ele- 
ment is to be viewed directly, the brightness is limited to 75 ft-L. 
(approximately 0.17 c. per sq. in.) which is far less than that allowed 
for luminaires because the area of the unit is greater by comparison. 

3. Materials. The designer of luminous elements is interested in 
both translucent and transparent materials. Building materials them- 
selves are of interest in the exterior; light terra-cotta, plasters, and 
porcelains (matte finished), as well as stone and concrete, have reflec- 
tion characteristics following closely the cosine law, and they, there- 
fore, appear to have equal brightness at every angle. Color is also 
important, for white surfaces and colored surfaces under artificial 
white light may be two entirely different media of expression. The 
use of stainless steel, monel metal, aluminum, and enameled steel for 
building material has given to the designer using light a means of 
producing effects far different from the older method of whitewashing 
which produced a sameness influenced only by the architectural treat- 
ment. By using the new materials and luminous elements, it is possi- 
ble to produce in the same building or in buildings of the same design 
a variety of treatments providing special interest at night. The 
treatment may range from the elaborate and bizarre fronts on theaters 
and places of amusement to conservative treatments in keeping with 
more dignified places of business. 

For the interior, there are even more materials from which to 
choose. Chapter 7 lists, in Tables \-lA and I-7B, various materials, 
both translucent and opaque, that may be embodied in luminous ele- 
ment design. Glazed and enameled materials supply high lights and 
glitter and, if properly arranged, have multiple reflections which hold 
interest through their novelty. Glazed and polished materials must be 
used judiciously, however, for there is a possibility of reflected glare 
that may be very annoying. The transmitting glasses are the most 
important of these materials and, of these, flashed opal, with its high 
efficiency and its uniform appearance, is best for useful as well as 
decorative light. This material gives maximum diffusion and effici- 
ency. The flashed opal material made by the ^arly manufacturing 
processes was not uniform but it is now obtainable in a degree of 
uniformity comparable to any other naaterial except the plastics, which 
are excellent diffusing transmitters of light. Adjoining sheets of any 
material should avoid a marked difference in appearance or brightness. 
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and when it is necessary to replace broken elements, it is essential that 
duplicate material be obtained. 

The use of grill work or glass with pressed designs is important in 
attractive lighting designs. The grill work tends to break the monot- 
ony of a large expanse of luminous surface. Pressed designs may be 
uniformly illuminated so that the difference of density in the thin and 
thick parts of the design are emphasized; or the design may be il- 
luminated non-uniformly with the light at one side producing very 
interesting treatments which may be even more accentuated by the 
use of several colors. The colors will blend at various depths of the 
design. 

For certain lighting results, onyx or alabaster in thin plates and 
marble with special cutting in structural weights make rich and ap- 
pealing media for lighting effects. These materials may be carved to 
produce interest in both the unlighted and lighted state. 

In using ground and roughened surfaces, the efficiency may be 
increased by turning the rough side toward the light. For day ap- 
pearance the surfaces will appear whiter if the reflection factor is high. 
Materials which transmit light readily will have a gray appearance 
when not lighted. This appearance of the surface under daylight may 
make it necessary to select materials of lower light efficiency. 

4. Adaptation of Luminous Elements. Modern design has tended 
toward mass, form, and line which is an ideal preparation for the 
adaptation of luminous elements to fit the architectural lines and 
produce patterns with brightness and color variation. Light in itself 
is an interest-producing agent and has been recognized as such from 
an early date. The addition of color to this is another step, and the 
advent of mobility introduced an interest which cannot be resisted by 
even the least observant individual. 

The technique is new and therefore should be attempted only 
where there is a combination of both technical and artistic skill. The 
new forms appear as pylons, columns, pilasters, panels, parapets, 
spandrels, soffits, beams, coves, coffers, moldings, niches, and decora- 
tive panels. Structurally, the lighting equipment lies in cavities — 
recesses either open or enclosed. Proper provisions must be made for 
servicing and maintaining the element, and not infrequently the 
question of ventilation must be considered. The element can be so 
constructed that it can be opened at regularly spac^ sections per- 
mitting access to all the equipment and the glass for cleaning. Large 
units may be serviced from catwalks above the equipment or through 
doors in the rear. Large pilaster installations have been serviced by 
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having the lighting equipment on belts which may be withdrawn for 
quick and easy access. This would be independent of the method of 
cleaning the glassware. 

The design of luminous elements may be classified under: 

а. Luminous panels 

б. Luminous recesses or cavities 

c. Niche illumination 

d. Pylons and columns 

These may be for permanent installations or for temporary use. The 
lobbies and rooms of bank and office buildings as well as stores will 
be of permanent construction and the materials are costly, whereas 
temporary decorations in dance halls, places of amusement, and ex- 
positions are built of cardboards, building board, and plastics placed 
upon wire mesh. Molded organic materials with or without wire 
mesh can be used outside as well as inside. Colored media called 
“ cellophanes are both tough and durable for temporary installations. 

Luminous panels lend themselves to all forms of decoration; they 
are substantially a part of the wall and ceiling and may be very in- 
conspicuous when not lighted. The elements should be a part of the 
general design, and provisions for the recesses should be made during 
the general construction. If enough depth is available, however, this 
type of unit may be installed at any time when remodeling is being 
done. The design of the lighting requirements will influence to some 
degree the element design. It would be very poor policy to have an 
architect place the element and design its general dimensions without 
considering the brightness of the surface when the unit is lamped for 
the desired illumination. If the lighting and architectural divisions 
will cooperate on the design, it is possible, by proper consideration, to 
produce a design correct in both appearance and lighting utility. The 
glass used will control the character and appearance of the installa- 
tion; the cavity shape and finish, the spacing, and brightness of the 
unit will control its utility for comfortable seeing. Though uniform 
panels have been the general choice for more installations, it would be 
more desirable to obtain subtle and charming results with graded 
brightness and color by using high lights and introducing sparkle and 
shimmer. This method is as subject to good design as the more ac- 
cepted method of uniform lighting. Beams, molds, and sofiSts belong 
to the panel type of element and are in some instances more easily 
applied to a remodeling design than the recessed panels. 

Recesses and cavity luminous elements depend upon the wall or 
ceiling surface for redirected light. The cove may be classified under 



262 


LUMINOUS ARCHITECTURAL ELEMENTS 


this group. These are well adapted to supply a high illumination to a 
room. Coffers and recesses may be illuminated from the edges or 
from narrow opaque strips suspended from the recess, the method de- 
pending upon the architectural effect desired. The efficiency is af- 
fected by the form of the cavity, and the color of the recess, though 
providing architectural interest, is always accompanied with a lower 
light efficiency when the surface color is other than flat white. Color 
effects are produced with either painted recesses or colored lamps, and 
the efficiency is lowered about the same amount by either process. 

The niche has always been used for architectural enchancement, 
and it becomes doubly effective if it is also illuminated. The illumina- 
tion of the niche is for decorative purposes; therefore, it need not be 
very bright. The light, if not too bright, will give added interest to 
the background, statuary, or grills which may be used in its design. 
Those materials (glass rods, frosted tubes, molded sections, and crystal 
arrangements) which are not commonly used for a niche may become 
of prime importance when light is used. If the niche is to contain 
statuary, ship models, flowers, or other three-dimensional forms, the 
lighting must be so designed that it will be properly directed to pro- 
duce the effect desired. 

Pylons, columns, and pilasters create a luminous atmosphere in 
the room. Whereas the recess and panel type of lighting may go un- 
observed by the casual individual, this not is true of the lighted ele- 
ment directly in line with the eye. The light is present and recognized 
as such. Since these elements are usually made an object of beauty 
in themselves, recent expositions have used them along walking and 
driving lanes and in courts between buildings. Pylons (both in in- 
teriors and exteriors) may be used to hide the installation of indirect 
or floodlighting systems. 

6. Element and Lamp Spacing. The lamp spacing will depend 
upon whether the element is to have a uniform or a graduated bright- 
ness. If the unit is to have uniform brightness the lamps are spaced 
1.5 times the distance of the filament behind the glass in any direction 
(width or length). Variation from this rule will be according to the 
curves given in Fig. 1-9, for various types of glasses have different 
properties of diffusion. Where the lamps are placed in opaque (sil- 
houette) troughs or small coves along the recess, the spacing for the 
lamps thus concealed, as well as the distance between the troughs, 
should obey the same law. 

To produce a graduated brightness it is only necessary to shape the 
reflecting surface correctly and space the lamps with respect to the 
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reflecting surface. A great variety of effects may be obtained by this 
process, but the resultant illumination in the room may be calculated 
just as it would be for the uniform unit. If it is desired to produce 
unifonh brightness in one direction and shaped distribution in the 
other, the lamps are placed so that the spacing is controlled in the 
uniform direction and the surface produces the graduated brightness. 

In spacing the architectural luminous element in a room, the gen- 
eral rule of a spacing not in excess of 1.5 times the mounting height 
should be used (Tablg 1-8, page 224). Even though the advantage of 
luminous elements lies in the individual and intimate treatment as 
required for the different areas and the layout is principally concerned 
with architectural harmony and appearance, the arrangement and 



Spac/nq /n fnches Between Centers 
Fig. 1-9.* Lamp spacing for acceptable uniformity of brightness. 

spacing of the elements should produce approximately uniform lighting 
for the visual requirements which must be met. Even with proper 
spacing it is difficult to obtain uniform lighting from wall panels or 
lighted columns and pilasters, the ratio of minimum to maximum light- 
ing being from 0.58 to 0.005. If the distance between element and 
work is increased or if rectangular instead of circular elements are 
used, the illumination becomes more nearly uniform. 

6. Design of Luminous Elements. The design of the luminous 
element itself is a problem distinct and separate from the design of the 
installation in the room. The installation is designed as in any gen- 
eral lighting system, spacing being determined from Table I~8, and 
the flux method being used after determination of the utilization factor. 
Just as with light boxes, the efliciency of the unit itself is the variable 
which is the most doubtful. 
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Three computations must be made to determine the unit to use for 
delivering a specific average illumination upon the work surface* They 
are: 


fixture lumens = 


foot-candles X floor area 
utilization factor 


which gives the amount of light flux leaving the element: 

, , fixture lumens 

lamp lumens = r— ? — :: — 

efficiency x maintenance factor 

which gives the light flux the lamps must furnish: 


luminous area in square feet = 


fixture lumens 
foot-Lamberts 


In order to control the brightness of the element, its area must be 
considered. Tlie area combined with the length of the element gives 
the width and establishes the lamp spacing and the general element 
design. The utilization factor, the needed foot-candles, the element 
brightness, and the maintenance factor are all obtained from tables 
and only the efficiency must be determined for each specific installa- 
tion. The efficiency will depend upon the following factors: 

a. Transmission factor of cover glass 

b. Reflection factor of the reflector 

c. Contour of the reflector 


These will be discussed in detail, because it is necessary to understand 
the influence of each factor to determine the limits of variation that 
may be used in a design. 

Directly, the transmission of the cover glass is one of the important 
factors influencing the efficiency of the unit, but it must always be 
considered in conjunction with the effect desired. The complete re- 
moval of the glass leads to the highest efficiency, just as a bare lamp 
source is more efficient than any type of enclosing glassware, but both 
the appearance and the comfort must be considered as well. Figure 
2-9a shows the variation of efficiency with transmission, and Fig. 
2~96 shows the maximum-to-minimum-brightness ratio with respect to 
the location of the filament with the glass surface. Figures 2~9c and 
2-9<i give a method for approximating rapidly the size of lamp that 
may be used in tentative calculations. From Fig. 2-9c the brightness 
factor may be determined; this, when used with the foot-Lamberts 
and the area of the translucent material (in square inches per lamp), 
gives the approximate lamp size for normal conditions. This method 
should be used for preliminary determinations or approximations; 
otherwise the flux method should be used. 
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The reflection factor and shape of the reflector will 
efficiency of the unit. Figure 3-9 shows the effect of 


im 
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m 

messii 
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Trvnsm/s^ion of Mc^^r/a/ /n Pfr Conf 
Co) 


influence the 
the reflection 



Fig. 2-9. * (a) Efficiency of translucent materials for several degrees of diffusion. 
(6) Diffracting glasses show a greater degree of variation in brightness ratio than 
opal glasses, (c) Brightness factor for translucent materials of several degrees of 
diffusion, (d) Area-wattage-brightness relation for diffusing elements. 


factor of the reflector upon the efficiency when different types of cover 
glass are used. The contour after a test made with flashed opal glass 
showed: 
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TABLE 

Element Forms and Ef- 


TYPE OF 
ELEMENT 


I Dimensional 
Ratios 




10 ^ 





ELEMENT KFnr.IKNC:> 

8 

12 

16 

20 

24 

28 

32 


REFLECTION OR TRANSMISSION FACTOR 



Width based on 5 to 1 variation of brightness from 
center to edge. Concavity of surface produces greater 
uniformity of brightness; convexity increases shading. 
In design of cross-section trough cut-oiT and angle of 
view are very important. 



1 ELEMENT KEKKIENCY 

7 

10 1 13 

17 

20 

23 

27 


Requires polished metal parabolic trough reflectors with 
maximum condlepower ^ected to the far edge of sur- 
face. With ratios given brightness graduations will be 
of the order of 25 to 1; the degree of shading can be 
lessened by the use of a larger, more concentrating 
reflector, and by increasing D with respect to W. 


12 



ELEMENT EFFICIENCY 


28 ! 

1 34 1 

1 40 1 


46 


Produces a sharply deflned luminous area ; lamp filament 
is located in plane of opening. Range of effects attain- 
able — uniformity with dilTusing background, sparkle, 
fritter or banded effects with crinkled, fluted, or Iwushed 
metallic background. 


ELEMENT EFFICIENCY 




10 



15 



30 

35 


40 


Shallow cavities produce slightly graduated brightness; 
as in No. 3 a range of effect is attainable by c^oioe of 
material and finish of background. Check dimensions 
with physical siae of lamp used to insure ample allow- 
ance for inserting lamps. 


ELEMENT EFFICIENCY 


..L" 




D-0.SS W 
S-0.3S W 
S-D 

A-(W-C)S 

7 1 10 

13 

17 

20 

23 

27 

Slightly graduated brightness produced by bmps at 
one side; uniformity if bmps are located on each side 
with a ratio as given. In small dements make certain 
that dimensions allow for easy bmp repboement. 

(For 2 rowa 
of lamps) 
D-0.SSW 
S-0.S0W 
S-1.5D 

A -0.50 W9 

ELEMENT EfTICIENCY 

25 1 35 

44 

51 

56 

61 

65 

Repimentative of a great variety of forms ranging from 
a narrow hand requiring a single row of bmps to large 
expeneea of luminous n^ass areas requiring a wide variety 
oflamp arrangeroenb. Efficiencies vary dq^tly with sue 
a^ form, but spacing between bmpe should conform to 
the cavity depth and type of translucent material used. 


ELEMENT EFFICIENCY 

26 37 

46 

54 

60 

66 

70 



Lamps abould be placed in the comer to pennil 
spacind and better lateral uniformity of brightness 
wi^tm^y diffuainf materials. A •^^t ahadiag of 
farightness at tha aidaB may be mitioed. In small ele- 
menta tubular or laimHina lampa placed end to end 


Projecting elements — Class N, Table VI-7, MF 76%. 
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III~9 

ncuBNCiis IN Pbb Cent 


TYPE OF 
ELEMENT 



Dimensional 

Ratios 

REFLECTION OR TRANSMISSION FACTOR 

lEo 



lEO 



IBfSI 

D*-0.33 W 
S-0.66W 
S-2D 
A-(W-C)S 

1 ELEMENT EmCIENCY 

13 

1 17 

1 21 

25 

1 29 

1 33 

1 37 

Indirectly-lifhted txaiuillununated elements of this 
character may use any type of translucent material, 
the choice being governed by the unlighted appearance, 
texture and efficiency 

D-0.17 W 
S-0.30W 
S-1.8D 
A-(W-C)S 

ELEMENT EFFICIENCY 

8 

1 12 

1 15 

Li7 

1 19 1 20 

21 

A graduated brightnen # ill be obtained by a single 
trough located on one side; uniformity if lamps are 
}daced at each side with the ratios as given. See No 8. 

D-0.10 V 

s»o.ao w 

S-2D 

A-WS 

1 KLKMBNT BFRCIBNCY 

13 

1 20 

1 26 

1 31 1 

35 i 

1 38 


With highly diffusing tranaluoent materials, the contour 
of the refberting background is unimportant. With leas 
diffusing materials, the shape affects the graduation of 
brightness as does the angle of view. 

1 

S-0.40W 

A-SWS 

1 ELEMENT EFFICIENCY 

24 1 

1 35 1 


51 1 

— 1 

— 1 — 

Wedged yM elements use a polished aluminum parabolic 
troui^ rraector with lamps centered at focus. The 
di(^t graduation of brightness (approximately 2 to 1) 
with cai^ opal glass sides maintains an effective 
luminous' bacagroiind for sign letters or decorative 
patterns. 

0-0.36 W 
S-0.S4 W 
A-1.6S WS 

1 ELEMENT EFFICIENCY 

33 1 


79 1 

83 

Lamps should be centered on a line equidistant from 
both sides: in larger units the shallow cavity may be 
eliminated. 

D-0.50 W 
S-0.75 W 
A-SWS 

ELEMENT EFFICIENCY 

41 1 

55 

66 1 

74 1 

80 1 84 

86 

Lamps should be centered in the square croas-section. 
Effidenciee apply to the complete element but the 
face (F) will be about 25% brighter than the aides when 
highly diffusing material is used. 

D-0.50 W 
S-0.70W 

A-4WS 

ELEMENT EFFICIENCY 

49 

64 

76 1 83 

87 

90 

92 

Lamps should be centered' ia the column whether the 
cross section is square, droular, or of other form. 
Launpa dbould be poaitioned as shown to avoid socket 
shadows and oooduit risers should be brought up in 
one ooroer or an inoonsfdcuouB side. 


Flush elements — Class G, Table VI-7, MF 70%. 
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Reflector Section 
Rectangular 
Truncated cone 
Circular 


Efficiency 

47% 

49% 

50% 


a 3 per cent difference caused by contour alone. 

Table III-9 shows 14 typical designs, giving the element efficiency 
based on the section form. A 75 per cent reflection factor is assumed 
for the cavity used with the transmission factor of the cover glass. 
Other forms may be estimated by comparing with these standards, 
but the size of the element will not seriously affect the end results. 



Pfff/ecf/on Factor of Fef/ector 


Fio. 3-9. ‘ Relation between reflection factor of reflector and efficiency of the unit. 


The proportions of the element are given on the diagrams and lettered 
as: 

W « width of the element 
D = distance from the filament to the surface 
S « spacing between light centers of the lamp 
A = luminous area per lamp 

and if there is a deviation from the per cent reflection factor of the 
cavity, correction can be made according to the following: 


Reflection Factor of 
Cavity Surface 
0.85 
0.75 
0.50 
0.25 


Relative Brightness 
AND Efficiency 
122 % 

100 % 

63% 

40% ■ 


The use of the table is best demonstrated by the solution of a typical 
problem. 
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Example a. Design the illumination for the hat department in a depart- 
ment store situated in a small town. The luminous element is to be similar 
to Type 12 (Table 111-9) with a 70° instead of a 90° angle. Use flashed opal 
glass (65% transmission factor). The room measures 75 by 125 ft., is 18 ft. 
high, and has a cream ceiling and tan side wall. The brightness of the ele- 
ment must be approximately 250 ft-L. (Fig. 4-9 shows sketch.) 


Cream (reflection factor) 

70% 

Table IV-7 

Tan (reflection factor) 

35% 

Table IV-7 

Foot-candles (general light) 

15 

Table III-3^ 

Room index 

2.5 

Table III-7 

Maintenance factor (class N) 

75% 

Chapter 8 

Utilization factor (class N) 

55% 

Table Vl-7 


15 X 75 X 125 

fixture lumens = 255,682 lumens 

0.55 






Fig. 4-9. Figure for problem in luminous elements. 


The efficiency of the unit is obtained from Table III-9. Type 12, with a 65% 
transmission factor for the glass, gives an efficiency of 76 %. 


lamp lumens = 


255,682 
0.76 X 0.75 


= 448,565 1. 


luminous area (square feet) = 


255,682 

250 


= 1022.7 sq. ft. 


1022.7 

width of element glass = = 2.56 ft. or 30.7 in. 

4UU 

The glass will be 15 in. on a side, or a total of 30 in, wide. This will increase 
the brightness slightly. 

By construction or by calculation, D (Fig. 4-95) may be determined 
(Type 12, Table III-9) : 

Construction: D = 5.33 in. ♦ 

S - 1.5D 5 - 1.5 X 5.33 = 7.995 in. 


Use an 8-in. spacing for lamps. 


number of lamps 


400 X 12 


-600 


8 
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448 565 

size of lamp in lumens « —— ■■■ » 747 

ouu 

Required: 

a 60-w. lamp (835 1.) 

60 y 600 

Watts per square foot * zr — * 3.84 w. 

7o X liso 

835 

Average illumination: — x 15 « 16.8 ft-c. 

747 

30 7 835 

Average brightness: X ;r;z X 250 - 286 ft-L. 

oU 747 

These computations have been made on the assumption that the fila- 
ment is 3 in. from the surface. If the determination of the lamp size shows 
this to be mechanically wrong another calculation must be made to correct the 
error. Seldom does the solution of a problem determined by the first calcula- 
tion satisfy all conditions. 



Fig. 5-9.* (a) How candlepower varies with angle of view for various glasses. 
(6) Forms of non-uniform lighted luminous elements. 


Figures 2-9c and 2-9d are for rapid checking and computing, for 
normal conditions of maintenance, of the brightness, brightness factor, 
the surface per lamp as given. As when similar computing methods 
are given, this is not for final determinations but for preliminary com- 
putations. 

7. Special Elements. The non-uniform brightness element has 
been discussed before, and Fig. 5-9a shows how the candlepower varies 
with the angle of view for various cover glasses. It is not necessary to 
have the usual uniform illumination without spotty effects, unless it is of 
value, because multiple rows of lamps, when placed close to the glass and 
staggered, will produce a latticed effect. It may be necessary, when- 
ever the glass contains etchings or is molded, to produce the correct 
spotty lighting by arrangements of lamps. Again, where a spotty 
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element does occur, because of space limitations, it may be removed 
by the use of decorations or grills separating the regions of high bright- 
ness contrast. Figure 5-96 shows some types of cavities which may 
be used for interesting gradation and shading of brightness across the 
panel. The edge lighting of carved glass or molded sections should be 
considered for its ornamental value, for the pattern is revealed in high 
lights. 

Figure 6-9 shows typical arrangements of special elements for ef- 
fective illumination, and the variations in shape and material of the 
backgrounds offer an unlimited range of effects in recessed elements. 
For small channels, tubular, lumiline, and the new fluorescent lamp 
are possible solutions. 

8. Glass Blocks. Glass blocks as a building material have reached 
considerable importance in the last few years. Their use provides a 
unique combination of simplicity of form and a textural richness which 
greatly increases the designing possibilities for commercial interiors as 
well as for factory lighting. They have been suggested for partition 
walls in office buildings and, as such, are considered as a light-trans- 
mitting partition. As building material, there are claims of sound in- 
sulation, heat insulation, and wind resistance, but the illuminating 
engineer is interested in their properties for the control of light. The 
blocks are made of crystal glass with the greater portion of the surface 
available for the transmission of light. The transmission of light 
through a glass block is similar to that of some of the configurated 
glasses. It will depend upon the direction in which the light strikes 
the block, the pattern on the block, the width of the joints, and the 
thickness of the blocks. Clear blocks will transmit from 50 to 70 per 
cent of the incident light, and configurated blocks from 40 to 75 per 
cent. Table IV-9 shows the measurements of the transmission of 
various patterns as given by the manufacturer; other materials are 
given for a relative check on the transmission factors. The apparent 
brightness, when viewed directly, is 12 per cent less than that of 
window glass. When the blocks are assembled in a wall or partition, 
there is a reduction of the transmission area caused by the cement 
and structural support, and this causes a lower transmission factor 
for the assembled wall proportionate to the usefji! surface in the wall 
(see Wallette; Table IV-9). 

There are some things that must be considered in the use of glass 
blocks. They do not form a window, and ventilation must be pro- 
vided elsewhere. There is also a question of whether a window is not 
as useful to see through as for admitting light. If blocks are to be 
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used for obscuring vision into a space, the patterns must be such that 
even the silhouette is eliminated, and this lowers the transmission 
considerably. Regardless of how much the transmission is lowered, 
within reason, direct sunlight upon glass blocks causes an uncomfort- 
able glare in the interior and it is, therefore, necessary to use some 
means of shading the light. If, because of the pattern design or be- 
cause of variations in manufacture, focusing beams of light are pro- 

TABLE IV-9 


Transmission Factors for Glass Blocks 


Classification 

Catalog 

Owens-Illinois Glass Company 


Pattern: 1 

78.5% 

2 

73.4% 

3 

27.6% 

5 

11.7% 

7 

84.4% 

11 

86.5% 

16 

84.4% 

17 

84.0% 

Pittsburgh Corning 


Pattern: Decora 

73.5% 

Argus 

74.2% 

Special 

59.0%' 

Wallette (2 ft. square) 

of Argus Blocks 

61.5% 

Plate Glass 

80-90% 

Flashed Opal 

55-70% 

Configurated 

75-80% 


duced, the beams may ignite window shades or any material upon which 
they are focused. 

The glass blocks may be made up in the form of luminous elements 
with incandescent lights behind them. In this instance, they may be 
treated as corresponding to the general forms given in Table III-9. 
It is the transmission factor of the structure which will determine the 
efficiency of the unit for calculations. Where these elements are used 
for either exterior or interior luminous elements, they are used essen- 
tially for attraction rather than task illumination. The efficiency 
should be determined for the type of installation, using the trans- 
mission as determined from available information which is satisfactory. 

The glass blocks are available for use in some of the following 
locations: 
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1. Interior decorative work in restaurants, bars, cafeterias, ana^ 
commercial display rooms. 

2. In residences for daylight lighting and architectural interest at 
night. 

3. Light panels in modernizing and in installing air conditioning. 

4. Store fronts, bulk heads, cellar illumination, and floodlight ef- 
fects from interiors. 

5. Bands and panels in all forms of commercial installations. 

6. Corridor walls, partitions, and inner building construction. 

Wherever used for task illumination, large surfaces presented by 

glass blocks diffuse shadow, but at the same time produce irritating 
glare because of the large expanse of lighted surface in the line of 
vision. Because of this large expanse of illuminated surface, the 
brightness should never exceed 75 ft-L. If color is used in conjunction 
with the blocks, the proper amount of attraction and interest may be 
obtained with very low brightnesses. 

To light glass blocks properly, consideration should be given to 
structural requirements. The purpose of the lighted wall will deter- 
mine the nature of the structure, but at best the daylight obtained 
from a block wall will have to be supplemented by artificial light on 
the side of the room farthest from the wall. If the wall is used for 
decoration, consideration need seldom be given to natural light. 

WHERE DAYLIGHT TRANSMISSION IS UNNECESSARY « (See page 275) 

A. The use of show-window reflectors to light n furred-out wall. 
Concentrating reflectors are mounted in the cavity above the top 
course of blocks. This is done to eliminate objectionable brightness 
of the top course. Reflectors are placed on 6- to 9-in. centers. The 
cavity should be from 6 to 12 in. deep. 

S. A paracyl reflector used to supply light provides an excellent 
distribution of light on the background of a shallow recess. The 
cylinder part redirects the light from the lamp back to the optical 
axis, and the parabolic section produces a concentration of light in a 
plane at right angles to the optical axis of the reflector. By recessing 
the cylindrical portion of the reflector above the glass blocks, the space 
between the glass blocks and background may be kept to 4 in. 

C. On a furred-out wall, individual reflectors for each block will 
provide a uniform brightness. Bare lamps or small individual reflec- 
tors may be used. The general rule of spacing at 1.5 times the depth 
of the filament behind the block should be used. 

Z). The illumination of a corrugated metal reflecting background 
of parabolic shape may be used for panels from 3 to 15 ft. in height. 
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E, A flat surface painted white may be used as a background. 
This surface should be pitched or curved for an even distribution of 
light. This scheme is good for panels from 3 to 10 ft. in height. This 
gives a more diffused light than Z), but lacks the sparkle produced by 
the specular corrugated background. 

F. A method to use if the wall or panel is more than 10 ft., as 
shown in E. The vertical background is lighted with reflectors in- 
stalled on both sides of the panel, and will illuminate the blocks evenly 
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to any desired height. The distance between the glass blocks and the 
background should be at least 8 in. or increased according to the height 
of the glass panel. 


DAYU6HT TRANSMISSION AND NIGHT EFFECTS" (See pa«e 276) 

0 . A free-standing wall may be illuminated with show-window re- 
flectors protected by louvers. In these situations, a relatively dark 
background must be assumed unless the building is lighted at night. 
As in show windows, the reflectors are mounted on approximately 
12-in. centers. If the room is lighted, the wall has a better appearance. 
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H. The inner wall of glass blocks may be floodlighted. The de- 
sign of the block determines the number of floodlights that is neces- 
sary. The finer the rib, the better the pick-up of light, and the fewer 
units needed. 

I. Indirect lighting equipment, such as a trough or luminaires 
installed near the glass blocks, will provide a uniformly illuminated 
ceiling area which will serve as a luminous background. 

J. Direct rather than reflected light is recommended where the 
block pattern is of a diffusing rather than a decorative type. The 
illumination is obtained from vertical light strips with reflectors. 
The lamps should be from 18 to 24 in. from the blocks and the strips 
24 to 36 in. apart. The design should follow the luminous element 
design in general. 

K. Reflector louvers may be used to redirect the light. A series 
of corrugated reflecting fins can be so arranged that they form a 
minimum obstruction to daylight and at the same time prevent spill- 
ing of light from reflectors upon the ceiling or wall of the room. The 
metal supporting members can be spaced approximately 6 ft. apart. 
Venetian blinds will serve the same purpose. 

L. A reflector section with corrugated metal strips leaving open- 
ings for the daylight to pass through may be used. The wattage of 
the lamp depends on the panel width and the block brightness desired. 
The equipment can be supported by structural members spaced about 
6 ft. apart. 

M. Narrow panels may be illuminated rather uniformly by border 
lighting. This method can be used on larger panels with the same 
effect produced as in other types of luminous element lighting. The 
equipment can be of the same type used for lighting show windows. 
In this type of lighting, lumiline lamps and fluorescent lamps may be 
used. 


COLUMNS, PILASTERS, AND TOWERS'® (See page 278) 

N, When there is access to the lamps from the back, type (a) in- 
stallation may be used. If this is impossible, an installation with a 
cover as shown in (6) will be satisfactory. Here again will be found 
use for lumiline and fluorescent lamps. Where color is used, the last 
are the most economical. 

O. Towers and columns may be illuminated from within. The 
methods will vary according to the size and structural characteristics 
of the tower or column. The lighting equipment must be far enough 
back of the glass blocks to give a uniform appearance. 
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Regardless of the tsrpe of lighting installation used, the background 
influences the appearance. White backgrounds, though they give an 





/n 



even distribution of light, give a very uninteresting appearance to the 
wall. The white-painted reflector may be given interest by scattering 
coarse metallic particles on the fresh paint; this adds life to the glass 

TABLE V-9 

SnooESTED Average Brightness Values 


Store Front 

Brightness 

Foot-Lamberts 

District Brightness 

Low 

Medium 

High 

Store fronts, transoms, backgrounds. 




signs 

80-150 

100-250 

200-400 

Projecting units: i 




Dominant character 

30-100 

50-150 

100-300 

Subordinate character ^ 

30-fl0 

40-80 

50-150 

Decorative flush units: 




Dominant character 

50-130 

70-170 

150-300 

Subordinate character 

30-60 

40-80 

50-150 

Translucent letters: 




Opaque background 

150-200 

200400 

300-^ 

Marquees, pylons, gasoline service 




stations 

80-150 

100-250 

200-400 


blocks. Corrugated reflecting surfaces, if specular in finish, add spar- 
kle to the installation. When decorative effects are desired, painted 
designs and colored lighting can be used for numerous variations. 
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9. Luminous Store Fronts. Another use of the luminous element 
is the store front which, because of its additional attractive power for 
sales, has become an important factor in the design of the building. 
Whereas the only important lighting problems were formerly confined 
to the interior, the advertising power of light in intensity, color and 
combinations of color, and mobility has made the exterior of con- 
siderable imix)rtance. 

The standard arrangements in Table III~9 can be used in signs 
and on store fronts, and the design will follow the practice described 
in Art. 6. The recommended brightness is given in Table V-9. 

The lamp size for colored material must be increased in proportion 
to the transmission factor of the glass if equal brightness is desired. 
For the various colored materials the following recommendations are 
made for specific colors: 


Compared for Designs Using White Glass 


Same as White 

Lamp Size One 
Larger than 
for White 

Lamp Size Two 
Larger than 
for White 

Ivory 

Pastel green 

Irish green 

Yellow 

Sea green 

Dark green 

Bright yellow 

Apple green 

Dull green 

Light orange 
Deep orange 
Chinese red 
Brilliant red 
Bright red 

Light blue 

Baby blue 

Medium blue 


The increase necessary may be from 1 to 5 times the wattage required 
for white glass and for general specifications: 

Amber 1.5 Green 3.0 

Red 2.0 Blue 5.0 

The installation of large surfaces of glass in the elements becomes 
a problem in safety and weatherproof installations. The glass used 
must be shock resisting; tempered glasses are favored because they 
will withstand the shock caused by sleet or cold rain striking a hot 
glass surface. These glasses are safe because, if for any reason they do 
break, they immediately disintegrate into small crystal pieces which 
will not cause injuries if they fall upon pedestrians in front of the 
store. Since the glass store front must be supported by structural 
webs, these should be of special types, designed for this service and 
pleasing in appearance. They should also be waterproof and should 
not cast objectionable shadows. 
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PROBLEMS 

Form to be used when recording data for luminous element design: 


Layout 


Use 

Ceiling Color 

Location 

Side Wall Color 

Kind of Work 

Element Number 


Ceiling Height Element Brightness 


Foot-Candles 

Room Index 

Class of Equipment 
Utilization Factor __ 

Total Area 

Fixture Lumens 

Transmitting Media 
Transmission Factor 

Brightness Factor 

Unit Efficiency 

Maintenance Factor 


Lamp Lumens 

Luminous Area 

Width of Unit 

Number of Units 

Length of Unit 

Depth-Light Center 

Space-Light Center 

Number of Lamps 

Size of Lamp 

Average Foot-candles — 
Average Unit Brightness 


Watts per Square Fool 
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1 . A glass block wall is made up of sections of Element No. 6., 24 in. wide. 
The wall is to have a brightness of 80 ft-L. and the glass block has a transmission 
of 27.6%. Design the proper lighting for the element. Use incandescent lamps. 

2 . Repeat the design in problem 1 using fluorescent lamps. 

8 . Using Element No. 10, design the background for a sign to have a bright- 
ness of 40 ft-L. The sign is 30 in. high and 12 ft. long. High-transmission opal 
glass is to be used for the background. 

4 . Design the luminous element for a hallway 12 ft. wide and 80 ft. long 
with a 12-ft. ceiling. The ceiling is very light and the side walls are fairly light. 
Use Element No. 4 with a 70% reflecting surface and an element brightness not 
to exceed 250 ft-L. 

6 . In problem 4 modify the design to use wall panels made up like Element 
No. 8 with flashed opal glass (low transmission) and having a brightness of 125 ft-L. 

6. Design the illumination for a small hat store 20 ft. by 30 ft. with an 
11-ft. ceiling. The side walls and ceiling are very light in treatment, and Element 
No. 3 painted with a 75% reflection factor paint is used. 

7. A 24-in. wedge-shaped sign similar to Element No. 11 is to be illumi- 
nated to 60 ft-L. and the letters are painted on clear matte composition glass. 
Design the unit and specify an incandescent installation. 

8 . A ballroom 300 ft. by 200 ft. with a 20-ft. ceiling is to be illuminated 
with Element No. 4. The ceiling is primrose and the side walls are bronze. The 
luminous elements are to be arranged in the form of squares on the ceiling. De- 
sign the element and use fluorescent lamps for obtaining the illumination. 

9. Design the illumination for problem 8 using luminous light panels of 
Element No. 8 with a heavy flashed opal glass and incandescent lamps. 

10. A luminous pylon 21 in. on a side and of a type similar to Element 
No. 14 is to be used for a sign at a filling station. Design the element to 40 ft-L. 
brightness u.sing blue fluorescent lamps. The pylon is to be built of Argus type 
glass blocks. Letters will be silhouetted against the background. 
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FLOODLIGHTING 

Floodlighting can serve many purposes, but on the exterior of the 
building its prime objective is advertisement. It is one of the most 
powerful media for attracting attention to a building. In the interior, 
it is also used to attract attention to some one object or objects of 
special interest. The advertisement value of floodlighting is proved 
by the number of established business organizations that are willing 
to make the large investment needed to light their buildings. The 
practice has spread to buildings of civic interest also, where the motive 
is one of pride rather than commerce. This civic pride does not ema- 
nate from the officials alone, for once a project has been established, 
discontinuation is met immediately with protest from the public. 
Though there are many applications for floodlighting, for both hori- 
zontal and vertical surfaces, the principles are the same in all instances, 
and only that applied to the buildings will be considered here. 

The addition of color to floodlighting is another step toward in- 
creased attracting power, and when the colors are changing (mobile 
color), the illumination engineer has offered his most powerful attrac- 
tion. 

1. Lighting Effects. Floodlighting should be designed to produce 
an effective harmony with the object to be lighted. Seldom is it 
possible to duplicate a daylight effect; therefore, the effect must be 
a study in itself. The light may be combined with the architectural 
elements of the structure, and its effect will be determined by: 

a. Projector location 

b. Architectural conformation and details 

c. Type of business organization 

d. Surroundings 

The architect who designs a building for daylight depends upon deli- 
cate shadows to produce the desired effect. If the building is to be 
visible both by day and night, the problem is a question of two aes- 
thetic viewpoints. Probably the best design may be obtained by design- 
ing the building for daytime appearance and then using light of proper 

2S2 
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intensity, color, control, and location to produce a second aesthetic 
effect. When buildings and statuary are designed for lighting by the 
sun, it does not necessarily mean that other effects obtained from 
sources of different magnitude and location will be objectionable. 
Daylight design and effects of the sun deal with parallel rays of light, 
whereas the floodlighting problem is one of diverging rays. The diffi- 
culties of floodlighting design lie in the control of harsh and multiple 
shadows and a non-uniform shadow. 

The small building, simple in treatment, designed for utilitarian 
purposes, should be uniformly lighted. If possible, the night appear- 
ance should approximate the daytime appearance. This type of 
lighting emphasizes the strength, mass, and solidity of the building 
in general. The building is free from shadow, and floodlights placed 
at a distance of about 200 ft. will accomplish this for a small building. 

For the large building, with features of towers and set backs, the 
grace and height of the building can be emphasized. The effect of 
height is obtained by throwing the light almost parallel with the 
building. An attempt should be made to emphasize the architectural 
features of a large building. Locating floodlights on the setbacks, 
with the light directed toward the top, will produce very interesting 
contrasts between the various parts of the building. 

The illumination at the top of a building should be two to four 
times the illumination at the bottom. The greater brightness at the 
top gives the impression of height and climaxes the effect obtained. 
It is also necessary to illuminate the top at a higher illumination in 
order to obtain the same apparent brightness all over the building. 

Columns may be floodlighted from in front or behind. The whole 
effect of the column is lost if the column and the background are il- 
luminated to the same intensity, for columns show at their best when 
there is a marked contrast between the column and its background. 

Statuaiy and monuments should always be lighted in collaboration 
with the artist, for the effect to be achieved might be destroyed by 
shadows at the wrong points or from the wrong angles. Distortion 
and change in facial expressions of statues may be produced by inac- 
curate shadows. 

2. Projector Locations. Floodlights may be located at a distance 
or upon the building itself. When the lighting tomes from a distant 
point, there may be some choice as to the angles and location of the 
equipment, but if it is on the building itself, the latitude is rather 
Kmited. The location of the projector should be analyzed by an in- 
dividual with trained judgment and in accord with the: 
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а. Location of surrounding buildings 

б. Topography of the surroundings 

c. Area to be lighted 

d. Economical aspects 

If the floodlights are to be located away from the building, the choice 
of position can be classified as: 

a. Roofs of other buildings 

b. Electric service poles 

c. Street lighting standards 

d. Ground with shrubbery or special concealment 

e. Poles 

If the floodlights are located upon the building itself, the parts of the 
structure, such as, 

a. Ledges 

b. Cornices 

c. Back of parapets 

will conceal the equipment. 

In addition to the placement point for the floodlight, the location 
of the equipment will influence the effect produced. When the length 
of the building face is not greater than the distance of the floodlights 
from the building, the floodlights can be grouped together; otherwise 
the equipment should be placed in several groups. The general rule 
for placing lamps or lighting equipment which can be adhered to, is 
that the banks of floodlights should not be separated more than one 
and one-half the distance from the illuminated surface. Dividing the 
equipment into groups gives a greater utilization factor and reduces 
harsh shadows at recesses, windows, and ledges. 

The placing of floodlighting equipment on marquees or in orna- 
mental standards along the curb produces harsh shadows and usually 
fails to produce uniform lighting. The heavy shadows caused by the 
window ledges give the building a surprised look. This type of loca- 
tion has been used with some success on buildings up to four stories, 
but it is better to limit it to buildings of three stories at the most. 

Equipment behind parapets should be located as high as possible 
and still be hidden. This keeps the equipment out of snow and dirt. 
Units behind parapets will produce non-uniform lighting effects. Good 
practice requires that the units be distributed along the parapet in- 
stead of in groups, so that the illumination will be as uniform as 
possible. 

Columns, monuments, and statues require either exposed equip- 
ment or special concealing construction. Lights at the base of columns 
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have been used to advantage but care must be taken to remove scal- 
lops of light, and this requires that the reflectors be moved back from 
the column. 

It is essential that the floodlight units be so placed that they can 
be easily serviced and adjusted. Equipment may be grouped in banks 
and the floodlights arranged in rows. In addition to easy access, pro- 
vision must be made for the safety of the attendant, for the equip- 
ment is usually located some distance from the ground. When the 
equipment is located on poles, platforms should be provided. 

Commercial and industrial concerns do not attempt to illuminate 
the first floor with floodlights. If this is necessary, the units are placed 
close to the wall and hidden in shrubbery or trees. Care should be 
taken that the light from the floodlight does not cause annoyance to 
pedestrians or motorists. If the floodlight is at least 15 degrees above 
the horizontal line of vision of a person standing anywhere in the 
lighted area, the glare will not be objectionable. 

3. Floodlight Equipment Characteristics. In Chapter 5, the dis- 
tribution of light from a floodlight was considered with the determina- 
tion of the illumination from these curves as applied to the single 
floodlight. The general design problem is concerned with the analysis 
of a group of units. 

Floodlighting units are usually grouped into three classes of beam 
spread: 

a. Narrow 

b. Medium 

c. Broad 

and for long distances and special application in aviation and naviga- 
tion, narrow beam equipment is classified as search lights. Search 
lights are sometimes used on prominent parts of buildings or monu- 
ments where it is necessary to light the feature from a distance. 

Beam spread is the angular divergence of a beam, measured in 
degrees. Since only precise equipment could have a very sharply 
defined beam, by general agreement the beam spread has been defined 
by the manufacturers. It has been agreed that the beam limit of a 
floodlight unit should be considered as the point at which the beam 
candlepower is 10 per cent of the maximum bqam candlepower. The 
spill light outside of this pohit — beyond the 10 per cent point — is 
disregarded. Figure 1-10 shows the beam spread for both narrow and 
wide beam units. The dotted lines show the portion of the distribu- 
tion curve which lies beyond the 10 per cent point. Usually the re- 
ports on floodlighting equipment give only one-half of the curve shown 
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in Fig. 1-10, for the distribution is symmetrical. By basing the ef- 
ficiency of the floodlight unit on this arbitrary agreement, only the 
I — I — I — I — I — I — I — I — I useful light is considered, but care 



Degrees from CefTter of Beam 


must be taken in determining what 
is meant by total beam lumens 
when making comparative studies 
of floodlighting equipment. 

Essentially, the floodlight de- 
pends upon its reflector for its char- 
acteristics. The material and the 
contour of the reflector are the two 
important factors in its efficiency 
and distribution. Silvered glass, 
chromium plate, and polished alu- 
minum are the surfaces normally 
employed for reflectors. Where sil- 
vered glass can be used, greater 


Fig. 1--10.* Characteristic beam spreads, efficiency is obtained. Open types 

of floodlights are either painted 


white or have porcelain enameled 
surfaces. Often, however, depend- 
ence is placed upon the reflecting 
characteristics of the material of 
which the equipment is made. The 
reflection factors for various ma- 
terials are given in Table 1-7B 
(page 162), 

The design of the reflector con- 
tour is the balancing of conflicting 
factors, for high beam candlepower 
conflicts with maximum quantity 
of light. Table I-IO shows that 
the beam lumens increase with the 
spread of the equipment, but cor- 
respondingly the beam candlepower 
will be less. Where it is necessary 
to throw the light a considerable 
distance, the shape of the reflector 
is that of a parabola (Fig. 2~10a) 
and is relatively shallow; for the 
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/ncreas/ng the at/amefer cmctefepth 
increases the eff/c/encg. 

Fig. 2-10.* The effect of contour shape 
on bejEtm spread. 


divergence of the beam decreases as the focal length increases. For a 
given focal length, the diameter of the reflector must be increased in 
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order to increase the effective angle and thereby obtain a greater quan- 
tity of light (Fig. 2~10c). 

If it is desired to have a greater beam divergence (medium and 
wide beam equipment), a deep reflector is required, and these are ob- 
tained by the use of compound reflectors made up of two different 
surfaces (Fig. 2-105). It requires skillful design to proportion the 
reflectors and control the spread of each part so that the resultant 
beam will be uniform. Figure 2-lOd shows how the effectiveness of 
lumen output of the non-parabolic reflector may be increased. 

TABLE I-IO* 

Beam Lumens of Typical Floodughtinq Units 


Beam 

Spread 

Projeotora Deaigned for 
Floodlight Lamps* 

1 Projecfcora Deaigned for General Service Lampa 

Lamp 

Average 

Lamp 

1 Average Beam Lumena 


Siae in 

Beam 

Siae in 

Reflector 

Reflector 


Watta 

Lumena 

Watta 

Dia. 12* to 16* 

Dia. 18* to 24*t 




300 

1400 


Narrow 

250 

1100 

500 

2500 

6500 

15® and Leas 



760 


500 

2600 

1000 


7800 




1600 


10500 




300 

1700 


Medium 

250 

1150 

500 

3000 

6000 

8500 

18® - 29® 

500 

2800 

750 

1000 

4900 

7000 




1600 


12600 




300 

1900 


Broad 

30® and Over 

250 

1200 

500 

3400 




750 

5200 

6200 

500 

2900 

1000 

7400 

8800 




1500 


13000 


* These lampe have concentrated filaments and can be burned in any position except within 
46® of the vertical, base up. 

t. These large units are recomiuended for long throws, or where the installation will be kept in 
operation for at least 5 years, or where there are unusually severe operating conditions. 


The contour of the reflector limits the control of the light beam; 
but not completely, for by the use of cover glasses and focus of the 
filament in the unit, some control may be gained over the beam 
spread. Data for the equipment are usually given with the cover open 
and the filament of the lamp at focus, and this i^ the test for the char- 
acteristics of the reflector. 

Figure 3-lOa shows the effect on the beam pattern caused by 
changing the cover glass. The ordinary cover glass for a floodlight 
is clear and smooth and is used merely to protect against dirt and 
weather. The glass must be heat resistant to withstand the difference 
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in temperature within and without the unit during winter weather. 
The clear glass may be replaced by stippled or ribbed glass, and either 
colored cover glass or inner colored screens may be used. Frosting 
or sand blasting the cover glass will spread the beam. Replacing the 
reflectors with stippled, fluted, or prismatic materials will have the 
effect of eliminating any filament striations and spreading the beam. 

Figure 3-106 shows the effect on the light distribution curve when 
the lamp is moved back of the focus point. The fact that this ad- 



Rtbbed Co(/er G/crss 
(a) 

Fig. 3-10.* (a) The effect of cover glajsses upon beam spread. (6) The effect of 
focus upon beam spread. 

justment is somewhat critical makes it necessary to pay particular 
attention to this feature when the equipment is being cleaned so that 
the lamp position in the housing is not changed. 

4 , Control of Spill Light When floodlighting equipment is located 
at any position except upon the building, there may be portions of 
the light beam that will prove annoying to the occupants in other 
buildings or to people on the street. The design may be correct and 
the beam properly focused and yet there will be a spill that must be 
controlled. It is necessary either to absorb or deflect this irritating 
source of non-useful light. This may be accomplished by: 
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а. Spill rings 

б. Spill shield 

c. Specially constructed screens 

d. Visors 

e. Partially sand-blasted or configurated cover glasses 

A spill ring (Fig. 4- 10a), if carefully designed, is compact and ef- 
fective in accomplishing the result, but it is also wasteful of light and 



(c) (c/) 

Fig. 4-10. Methods of controlling spill light from a floodlight. 


should not be used except where the confinement of the beam is more 
important than the efficiency of the installation. A spill shield (Fig. 
4-106) serves to cut off spill light in one direction, and a whole bank 
of floodlights may be controlled by a metal or wood screen properly 
placed. These large screens may be built to control light from any 
angle and to cut off lights at the edge of the building to keep the spill 
light from falling into streets, used areas, or other occupancies. The 
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visor (Fig. 4~10c) may be used not only as a shield but to gather up 
the objectionable spill light and direct it into a desired area. Cover 
glasses partially sand-blasted (Fig. 4-lOd) will eliminate objectionable 
glare in a specific direction. 

6. Selecting the Type of Floodlight. Equipment should be se- 
lected so as to have good mechanical construction. The frame may be 
of cast iron, sheet steel, a combination of the two, or aluminum and 


TABLE II-IO* 

The Proper Beam Spread 


Representative Floodlighting Applications 

Usual 

Distance 

Away 

Proper 

Beam Spread 

Buildings two or three stories high, lighted 
from marquees or posts at curb 

10-30 ft. 

Broad 

Buildings lighted from across street or some 



distance away : 

Areas less than 3000 sq. ft. 

50-100 ft. 

Medium 

Areas more than 3000 sq. ft. 

50-100 ft. 

Broad 

Areas less than 3000 sq. ft. 

100-150 ft. 

Narrow 

Areas more than 3000 sq. ft. 

100-150 ft. 

Medium 

Areas less than 10000 sq. ft. 

150-300 ft. 

Narrow 

Areas more than 10000 sq. ft. 

150-300 ft. 

Medium 

Buildings of the setback type: 



Setbacks 1 or 2 stories high 

On building 

Broad or medium 

Setbacks 3 or more stories high 

On building 

Medium or narrow 

Columns and ornaments 

2-10 ft. 

Narrow 

Construction work, parking spaces, gaso- 



line stations, etc. 

At edge 

Broad 

Football stadiums 

50-100 ft. 

Medium 


copper. Aluminum and copper are desirable particularly where there 
must be resistance against corrosion. The reflector should be chosen 
for high efficiency and effectiveness. The focusing mechanism, per- 
mitting adjustments of the lamp position, should be of sturdy con- 
struction, simple design, and positive operation. The swivel base and 
trunions should permit universal motion for adjustment and should 
be so designed that adjustments can be made without special tools. 
The question of maintenance and cleaning should be thoroughly con- 
sidered. 
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Table II-IO can be used as a guide to the selection of proper beam 
spread. Narrow beam equipment would be used for small areas with 
the projector at a distance, and the wide beam equipment for lai^ 




Fig. 5-10.* Types of floodlight equipment, (o) Open floodlight. (6) Projector. 

areas with the projector close to the surface to be lighted. It is de- 
sirable to use as wide a beam as possible (with a reasonable spill), 
for wide beam equipment is more efficient than medium or narrow 
beam equipment. 

There are two types of floodlights: the open and the enclosed (Figs. 
TABLE III-IO 

Charactbristics of Floodughtino 
Lamps 

(110, 115, 120 volts) 

(March, 1041) 


Lamp 

WaUs 

Type 

Lumens 

100 

Spot 

1,380 

250 

Spot 

4,400 

250 

Flood 

3,750 

400 

Spot 

8,000 

500 

Flood 

8,800 

1,000 

Spot 

22,500 

1,000 

Flood 

i 19,50p 

1 


5-lOa and 5-106). The open type has a low initial cost and reduces 
installation costs because it is light of weight. Open projectors do 
not provide an accurate control of the light and, since the reflecting 
surface and lamp are both exposed, the dirt accumulation lowers the 
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TABLE 

Representative Flood- 

Narrow Beam Equipment — 15^ and Less 


Manufacturer 

Designation 

Reflector 

Lamp 

Watts 

Lamp 

Type 

Beam 

Angle 

General Electric Co. 

Form L-30B 

145^* Smooth 

500 

Floodlight 

12® 


Form L-31B 

14 Smooth 

1000 

Floodlight 

13® 


Form L-24B 

18^ Smooth 

100 

Floodlight 

13® 

Crouse-Hinds Co. 

LDE 12 

12^ Smooth 

250 

Floodlight 

14® 


ADA 12 

11 Smooth 

250 

Floodlight 

12® 


LDE 16 

16^ Smooth 

500-1000 

Floodlight 

9® 


LCE 24 

24* Smooth 

1500 

Floodlight 

11® 

Curtis Lighting, Inc. 

25-C 

11* Smooth No. 821 

250 

Floodlight 

15® 


25-C-10527 E. S. 

11* Smooth No. 821 

200 

Gen. Ser. 

15® 


37-C 

14 H'' Smooth No. 831 

500 

Floodlight 

15® 


37-C-10339 E. S. , 

14j^* Smooth No. 831 

500 

Gen. Ser. 

15® 


49 

19^* Smooth No. 841 

1000-1500 

Gen. Ser. 

10® 

Electric Service Sup- 

Type A-1016 

10* Smooth 

250 

Gen. Ser. 

10® 

plies Co. 

Type A-1419 

14* Smooth 

500 

Gen. Ser. 

9® 


Type A-2430 

24* Smooth 

1000-1500 

Gen. Ser. 

10® 

Pittsburgh Reflector 

FL 500 

16* Smooth 

300-500 

Gen. Ser. 

13.6® 

Co. 

FLC 1002 

16* Smooth 

1000 

Floodlight 

13.6® 

Pyle National Co. 

Type *1045 ! 

10* Smooth 

250 

Floodlight 

12® 


Type 1275 

12* Smooth 

250 

Floodlight 

14® 


Type 1480 

14* Smooth 

500 

Floodlight 

12® 


Type 2375 

23* Smooth 

1000-1500 

Gen. Ser. 

14® 

Westinghouse Co. 

CA-10 

10* Smooth Chromium 

250 

Floodlight 

10® 


ICA-14 

14* Smooth Chromium 

500 

Floodlight 

12® 


CA-16 

16* Smooth Chromium 

1000 

Floodlight 

10® 


CSA-24 

24* Smooth Chromium 

1000-1500 

Floodlight 

9® 


Medium Beam Equipment — 16° to 29° 


General Electric Co. 

Form L-29B 

Form L-29A 

Form L-30A 

Form L-31A 

Form L-24A 

lOH"' Smooth 

10>^* Smooth 
\4%" Smooth 

14 5<*. Smooth 

18H^ Smooth 

250 

200 

500 

760-1000 

1000-1500 

Floodlight 
Gen. Ser. 
Gen. Ser. 
Gen. Ser. 
Gen. Ser. 

18® 

27® 

23® 

24® 

19® 

Crouse-Hinds Co. 

ADA 12 

\\\^" Smooth 

200 

Gen. Ser. 

27® 


ADA 16 

16* Smooth 

1000 

Gen. Ser. 

23® 


LCE 20 

16* Hammered 

1000 

Gen. Ser. 

23® 


LCE 20 

16* Smooth 

1000 

Gen. Ser. 

19® 


LCE 24 

24* Hammered 

1500 

Gen. Ser. 

20® 


LCE 24 

24* Smooth 

1600 

Gen. Ser. 

18® 

Electric Service Sup- 

Type A-1016 

10* Smooth 

300-600 

Gen. Ser. 

22® 

plies Co. 

Type A-2016 

20* Smooth 

750-1000 

Gen. Ser. 

19® 

Major Equipment 

No. 2540 

11* Smooth 

250 

Floodlight 

16® 

Co., Inc. 

No. 5001 

11* Smooth 

6p0 

Floodlight 

18® 

Pittsburgh Reflector 

FLC 260 

10* Smooth 

250 

Floodlight 

16® 

Co. 

FLC 601 

16* Smooth 

300-500 

Gen. Ser. 

19.6® 


FLC 1001 

16* Smooth 

1000 

Gen. Ser. 

19.6® 


FL 1500 

18* Smooth 

1600 

Gen. Ser. 

22® 
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IV-10* 

uaHTiNO Equipments * 

Medium Beam Equipment — 16® to 29® (Continued) 


Manufacturer 

Designation 

Reflector 

Lamp 

Watts 

Lamp 

Type 

Beam 

Angle 

Pyle-National Co. 

Type 1275 

12* Smooth 

200 

Gen. Ser. 

17® 


Type 1680 

16* Smooth 

750-1000 

Gen. Ser. 

16® 


Type 18180 

18* Smooth 

1000 

Gen. Ser. 

16® 

Reflector and Illumi- 
nating Co. 

Sterling Flood-0- 
Lite No. 3000-C 

11* Smooth 

250 

Floodlight 

18® 


Sterling Flood-0- 
Lite No. 4000-C 

13*4* Smooth 

300-500 

Gen. Ser. 

18® 


Sterling Flood-0- 
Lite No. 5240-C 

16* Smooth 

500-1 OOoj 

Gen. Ser. 

24® 

Westinghouse Co. 

CA-10 

10* Smooth Chromium 

200 

Gen. Ser. 

20® 


CA-14 

14* Smooth Chromium 

300-500 

Gen. Ser. 

20® 


CA-16 

16* Smooth Chromium 

750-1000 

Gen. Ser. 

16® 


CA-20 

20* Smooth Chromium 

1000-1500 

Gen. Ser. 

22® 


CSA-24 

24* Med. Beam Chromium 

1000-1500 

Gen. Ser. 

20® 


Broad Beam Equipment — 30® and Over 


General Electric Co. 

Form L-30A 

Form L-30B 

14^* Sectional 
liH*' Sectional 

500 

500 

Gen. Ser. 
Floodlight 

60® 

44® 

Crouse-Hinds Co, 

ADA 12 

IIH" Hammered 

200 

Gen. Ser. 

34® 


ADA 16 

16* Hammered 

1000 

Gen. Ser. 

32® 

Curtis Lighting, Inc. 

25 E 

11* Corrugated No. 823 

250 

Floodlight 

no® 


25 E-10627 E. S. 

11* Corrugated No. 823 

200 

Gen. Ser. 

no® 


37 E 

14^* Corrugated No. 833 

500 

Floodlight * 

no® 


37 E-10539 E. 8. 

14 Corrugated No. 833 

500 

Gen. Ser. 

no® 

Electric Service Sup- 

Type A-1419 

14* Prismatic 

500 

Gen. Ser. 

34® 

plies Co. 

Type A-1016 

10* Prismatic 

250 

Floodlight 

30® 

Major Equipment 

No. 2001 

[11* Smooth 

200 

Gen. Ser. 

42® 

Co., Inc. 

No. 3001 

11* Smooth 

300 

Gen. Ser. 

46® 

Pittsburgh Reflector 

FL 300 

12* Fluted 

300-500 

Gen. Ser. 

100® 

Co. 

FL 750 

16* Plain and Fluted 

750-1000 

Gen. Ser. 


Reflector and Illumi- 
nating Co. 

Sterling Flood-0- 
Lite No. 3000-1 

11* Stippled 

250 

Floodlight 

100® 


Sterling Flood-O- 
Lite No. 5240-1 

16* Stippled 

500-1000 

Gen. Ser. 

115® 

Westinghouse Co. 

CA-14 

14* Wide Beam Chromium 

300-500 

Gen. Ser. 

30® 


• For problems. 

NOTE: This classification is based on normal beam spread, to 10 mr cent of maximum 
beam oandlepower, with clear cover glass and lamp at focua. Many of these projectors are so 
designed that by movi^ the lamp out of focus the beam spread m«> be increased considerably 
without losing uniformity of beam. A number of the projectors may also be equipped with <m- 
fusing or prismatic cover glasses or reflectors which will give either a wider beam than normally 
procm^, or a d^nite beam pattern for specific purposes. Reference should be made to the latest 
manufacturers’ catalogs for specifications. 



294 


FLOODLIGHTING 


efficiency rapidly. The open type is used for recreational and filling 
station lighting where accurate control is not necessary and where the 
light is projected only a short distance. 

The enclosed type of equipment usually is used in building light- 
ing. The housing is dust- and moisture-proof; therefore, the unit is 
easy to maintain and its efficiency will continue to be high even after 
a long period of operation. Accurate control of the light is obtained 
by using reflectors with definite contours, equipped for focal adjust- 
ment. The equipment has a better appearance and will project the 
light a greater distance. The projector costs more than does the open 
floodlight. 

There are two types of incandescent lamps used in the enclosed 
type of floodlight: the floodlight lamp, and the general service lamp. 
In the open floodlight, there is no advantage in using the concentrated 
filament lamp. Table III-IO gives the lumen output of floodlight 
lamps. These lamps have a concentrated filament and can be burned 
in any position except within 45 degrees of the vertical, base up. 

In selecting the equipment, the larger lamp sizes are the more 
efficient in energy consumption, and the number of units will be re- 
duced; this, all other things being equal, means less first cost. Flood- 
lights in the 18- to 24-in. class or larger are recommended for long 
throws or for installations which will be kept in operation for at least 
5 years. The large equipment is best wherever severe op)eration condi- 
tions are encountered. Table IV-IO gives some commercial types of 
equipment. 

6. Foot-Candle Recommendations. In determining the amount of 
illumination for floodlighting, it is necessary to be guided by accepted 
practice, for the Illuminating Engineering Society has not made 
specific recommendations through its committees. Table V-10, based 
upon general practice, gives suggested illumination values. The build- 
ings are divided into four groups depending upon the classification of 
the building surface, and into three groups depending upon the size 
of the city. It is assumed that the larger cities will have a higher 
surrounding illumination than the smaller towns. The recommenda- 
tions are given for downtown districts. For buildings in outlying dis- 
tricts, use the values recoimnended for downtown buildings of the next 
smaller city classification. Buildings having reflection factors of less 
than 20 per cent cannot be economically illuminated unless there is a 
large amount of light trim. 

7. Floodlighting Design. The solution of floodlighting problems de- 
pends on two factors: 
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a. The number of projectors to produce the required illumination. 

h. The number of projector patterns to cover the surface. 

If these two requirements are the same, an ideal installation is possi- 
ble. For high illuminations, more units than are necessary for cover- 
age will be required; for low illuminated surfaces, the number for 
coverage will usually exceed the number required for illumination. In 
both the vertical and horizontal planes, there must be some overlapping 
of the light beams so that the illumination will be uniform. This de- 
pends, however, on the candlepower distribution of the floodlight beam. 

TABLE V-10 

Foot-Candle Recommendations for Floodlighting Applications 


BuildinKS and Monuments Utilitarian and 

j j Protective Purposes 


Representative 
Building Materials 

Approximate 
Reflection 
Factors 
Per Cent 

1 

Foot-Candles for Construction work 6 

Downtown* Buildings Dredging 2 

in Cities of: Gasoline service stations: 

Over 

60,000 

50,000 
to 5,000 

TT J Buildings and pumps 20 

driveways 6 

Parkina Snaces 1 

White terra cotta 
Cream terra cotta 

Light marble 

j 

75 ; 

15 

10 

Protective Industrial 0.2 

5 Quarries 2 

Shipyards (construction) 5 

Light gray limestone 
Bedford limestone 

Buff limestone 

Smooth buff face brick 

50 

20 

16 

Special Applications 

10 Trees 5-20 

Flags 30 

Loadina docks 5 

Briar Hill sandstone 
Smooth gray brick 
Medium gray limestone 
Common tan brick 

35 

30 

20 

Loading platforms 5 

Signs 30 

1^ Smokestacks 15 

Art glass windows 20-200 

Dark field gray brick 
Common red brick 
Brown stone 

20 

50 

30 

Water tanks 15 

20 


* For buildings in outlying districts use the foot-candles recommended for downtown buildings 
in cities of the next smaller classification. 

NOTE: Buildinn composed of material haring a reflection factor much below 20% cannot 
economically be floodUghted unless there is a large amount of light trim. 

On square and rectangular surfaces, the amount of light wasted be- 
comes less as the number of projectors increases, because less light 
spills over the edge of the surface. 

The angle which the beam axis makes with the surface to be il- 
luminated controls the shape of the pattern and the area of the beam 
pattern. If the ajcis is perpendicular to the surfade, the pattern is that 
of a circle (Fig. 6-lOa). There is no sharp line of demarcation as 
shown, because the light “ washes out ** from the highest brilliancy to 
darkness. The pattern will have a pleasing soft edge. Figure 6-'106 
shows the more general case of floodlighting pattern, where the beam 
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axis makes some angle with the surface, and it should be noticed that 
the aiming point does not fall upon the center of the lighted area. 
The aiming point is the point used in adjusting the floodlight — not the 
center of the ellipse. The area below the aiming point receives one- 
half of the beam lumens, and the area above the other half. This 
means that the illumination in the lower portion is higher than that 
in the upper portion as divided at the aiming point. Figure 6~10c 
shows the beam axis parallel to the surface, a situation which is closely 
approached when the face of a building is illuminated from an offset. 



Fig. 6-10.*' • Influence on the beam pattern caused by the angle of tilt. 


If the design of the floodlighting is followed in an orderly fashion, 
as in the general room illumination design, it is easier to check and 
there is less likelihood of error. The steps of the problem should be 
considered in the following order: 

o. The lighting effect desired. 

h. The amount of illumination (Table V-IO). 

c. Location of the projectors. 

d. Beam spread of projector (Table II-IO). 

e. Type and size of lamp (Table I~10). 

/, Choice of projector (Table IV-10). 

g. Determination of the number of projectors. The number of 
projectors is calculated by use of the following expression: 
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number of projectors 


area X foot-candles 
0.7 X beam lumens 


where the area is the surface to be lighted, the foot-candles are the 
number desired (from Table V-10), and the beam lumens are taken 
from Table I-IO. If specific equipment is to be used, the beam lumens 
given for the special equipment will be used instead of the quantities 
given in Table I-IO, for these values are representative of standard 
equipment. The maintenance factor is assumed to be 70 per cent for 
all classes of equipment. 

h. Assurance of uniform coverage. The check can be easily ac- 
complished by use of Table VI~10, the values of which have been de- 



Oe/f/mp of To/o/ ArporfoJb^ 
of Ar^a 

I bt/ One Pno/^tor 




^uN/no of Tofa/ A rear 
to be Ugbteaf 
^OuHine of Area Ugbfecf 
b(/ Ore Projector 


{0<jt/(ne 0 

\ 

w Z ^ 


(d) 


Fig. 7-10.* Figures to be used with Table VI-10. 


rived in conjunction with Fig. 7-10. Table VI-10 gives dimensions 
and area covered by projectors of various beam spreads from different 
distances and with different angles of throw. The number of pro- 
jectors required is obtained by dividing the total area to be lighted by 
the area covered by one projector. The area of the pattern is used in 
checking the coverage, but the length and width of the pattern are 
useful in problems dealing with the lighting of details and limited 
areas and also for checking the overlapping of pattern on the surface* 
layout. The terms D and 2 are shown in Fig. 9-10. 

Table VII-10 is a rapid check table for floodlighting installations. 
The tables are representative for beam efficiencies of 45 per cent and 
maintenance factors of 70 per cent; and, as has been stated previously 



298 


FLOODUGHTING 


TABLE 

Spot Sizes — Dimensions 

(Representing average effective coverage for va- 


10** BSAll 

1 15® BBAM 

1 20® BBAll 

1 25® BBAM 

D 

Z 

Area 

Length 


1 Area 

length 

Width 

Area 

Length 

Width 

Area 

Length 

Width 


0 

5 

3 

m 




18 


■1 

30 

SI 

SI 


10 

8 

4 

3 





SI 

7 

50 



15 

20 

21 

7 

4 





■9 

9 

160 




30 

52 

14 

6 



9 



13 

460 

■1 



40 

113 

32 

8 


mm 

12 


m 

■a 

ISE^ 

83 



0 

11 

4 

4 

25 

7 

7 

44 

9 

9 

70 

11 



20 

23 

7 

5 

50 

11 

8 

100 

15 

12 

150 

19 


25 

40 

71 

16 

8 

170 

25 

13 

330 

34 

17 

540 

45 



60 

195 

31 

11 

490 

49 

18 

1030 

73 

25 

1960 

105 



80 


54 

15 

1200 

90 

24 

2020 

145 

36 

7270 

251 

53 


0 

38 

9 

9 


13 

13 

155 

18 

18 

fTTii 

20 

20 


20 

47 

11 

9 


15 

14 

195 

21 

19 

«v!!l 

26 

24 

50 

40 

81 

14 

11 


22 

17 

330 

30 

23 

550 

38 

29 


60 

■1^ 

22 

14 


33 

20 

630 

45 

28 

1070 

58 

36 


80 

260 

32 

17 


49 

25 

1160 

68 

35 

2060 

90 

45 


0 

67 

13 

13 

170 

20 

20 

310 

26 

26 

480 

33 

33 


40 

no 

17 

14 

250 

25 

22 

440 

34 

30 

710 

43 

38 

75 

80 

220 

28 

18 

540 

43 

29 

1010 

59 

39 

1630 

75 

50 


120 

530 

48 

25 

1210 

74 

38 

2320 

102 

52 

3930 

135 

67 


160 

1040 

76 

32 

2500 

119 

49 


171 

67 


238 

88 


0 

120 

17 

17 

310 

26 

26 

490 

35 

35 

770 

44 

44 


40 

150 

20 

19 

390 

31 

28 

610 

41 

38 

980 

52 

48 

100 

80 

250 

29 

22 

580 

44 

34 

1050 

59 

46 

1700 

75 

58 

120 

470 

43 

28 

890 

66 

41 

2000 

90 

56 

3290 

116 

72 


160 

830 

63 

33 

1950 

98 

51 

3700 

136 

69 

6340 

180 

89 


200 
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of this type of table, if either the efficiency or the maintenance factors 
vary from the above, it is necessary to make proportional corrections. 


Example a. Design the floodlighting for the illumination of the front of a 
department store located in the business district of a town of 30,000 popula- 
tion. The building front is 75 ft. high and 150 ft. wide, measuring 15 ft. to 
the second floor. The effect is to be a uniform illumination with the pro- 
jectors located on a 20-ft. building 52 ft. away on the opposite side of the 
street. The front of the building to be lighted is of terra cotta (Fig. 8-lOa). 


10 ft-c. of illumination 
Wide (broad) beam spread 
General service lamp in a 
12- to 16-in. projector 
1000-w. general service lamp 
7400 beam lumens 
Grouse-Hinds ADA-16, 32® 
Maintenance factor 70% 


Table V-10 
Table II-IO 

Table I-IO 
Table I-IO 
Table I-IO 
Table IV-IO 


h 


(P/er/7) 


■/SO- 

1 

sz' Sfr6>^f 


I I (£/ei/) 


(a) 


F/ooafJ/q/yf 

Locctf/on 




— f50' 


sz ^ 

I ' ! 

^ / 

1 K— 

'^^Banks^ ^ 


' Street \ / 


F/ooct//^/?ts 

(b) 


Fig. 8-10.® Problem in floodlighting. 


, r • * lOX 60X 150 _ , • ^ 1 X 

number of projectors ~ Q 7 x"74 ( )0" ^ (approximately) 

The beam pattern area, length, and width are obtained from Table VI-10. 
Approximate solution for number of projectors to cover the surface is 

D = 52 ft. 

Z = 27.5 ft. 

Neither value falls on values given in the table but may be obtained by inter- 
polation. Since several of these computations must be made if there is an 
adjustment of results, first solutions may be crude approximations. 

Area = 600 sq. ft. (by interpolation) 

I^ength = 40 ft. 

Width « 32 ft. 

Units necessary for complete coverage (approximate). 

60X 150 
600 ^ 

Since 17 units are required to give the illumination and 15 are required 
to cover the area, the solution seems reasonable. At this point, it would be 


3 



Figure 8-lOb shows a layout grouping the equipment in three groups to 
control the shadows. Eight in the center bank with 4 in each end bank, 
making a total of 16 units, would be close enough for a solution. 
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Figure 0-10 shows some of the methods used in mounting flood- 
lights and in placing them into lighting banks. Any problem should 
be tried with several solutions, considering number, size, and arrange- 
ment of equipment. After experimentation the final determination 
should be made on an economical as well as an effective basis. 

Example 5. Check example a by means of Table VII-10. 

7 400 

beam efficiency « - --- - *= 0.344 
zl^ouO 

The beam lumens equal 7,400 (Table T-10) and the lamp lumens for a 1000- 
w. lamp equal 21,500 (Table 

area per lamp « — — « 530 ^q. ft. 

From Table VII-10, 538 sq. ft. and a 1000-w. lamp shows an illumination of 
11 to 13 ft-c. Since the maintenance factor is the same but the efficiency is 
different, the illumination will be: 

0 344 

(11 to 13) X - « (8.4 to 9.9) 9.2 average 

0.45 

a close check to the value of 10 ft-c. assumed in the solution of example a. 

8. Design of Floodlighting where Distance from Projector to the 
niuminated Surface is Small.'* Article 7 describes a method that will 
prove satisfactory for installations where angle 0 (Fig. 6-106) is rela- 
tively large (45® or more), but in modem setback construction it may 
be necessary to place the projector within 10 or 15 ft. of the surface 
to be illuminated. Under these circumstances the beam pattern is far 
from uniformly illuminated. In Art. 7, it was pointed out that the 
area of the ellipse from the aiming point to the end of the ellipse 
nearer the floodlight receives half the lumens from the light beam and 
the remainder receives the other half; this means that the former area 
mentioned will be illuminated to a higher illumination than the latter 
because the same amount of light is confined within a smaller area. 

Recognizing the necessity for a simple and accurate method of 
designing this type of lighting, E. B. Hallman ^ divided the beam 
pattern into sixteen equal areas and analyzed the per cent of light 
falling into these areas for: 

а. General service and floodlight lamps. 

б. Practically every type of parabolic reflector used in floodlight 
work from the shallow parabolic reflectors, both plain and prismatic or 
hammered, to deep composite-type reflectors. 

c. Three types of cover glass (plain, ribbed, diffusing). 

d. The products of many different manufacturers. 
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Fig. 10~10.^ (a) Per cent lumens falling into various parts of the floodlight pattern. 
Lower flgures for accurate parabolic reflectors with C 7-A filament lamp. Bold-faoe 
type figures for general floodlights, (b) Problem in offset lighting. 
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It was found that, with the exception of the concentrated floodlight 
filament (C 7-A) burned with a shallow, accurately made parabolic 
reflector and plain cover glass, the distribution of light was essentially 
the same. Figure lO-lOa shows in the diagram of sixteen squares the 
per cent of total lumens within beam limitation (10 per cent maximum 
candlepower) set by the squares. 

To make use of this information, it is only necessary to draw the 
front and side elevations of the beam and beam pattern, within the 
limits of the beam spread and throw, and determine the area and 
illumination in each of the sixteen parts as shown in Fig. 10-106. 
The lumens are determined from the total beam lumens with the cor- 
rect percentage assigned to each square. The area of each part is 
taken from the drawing (by a pianimeter or approximate integration). 
The ratio of lumens to square feet will give the illumination in the 
region considered. The following example is the one given in the 
report. 


Example c. Figure 10-10 shows the conditions for a typical medium 
beam floodlight projector burning at 1500 w., a PS-52 bulb, general service 
lamp. The specification for the floodlight is: beam lumens 12,386, horizontal 
beam spread 22®, vertical beam spread 20°. The projector is located 10 ft. 
(AP) from a vertical surface. 

IFsing Fig. 10-106 as a guide, and having the axis of the beam trained to 
make an angle (HPE) of 20® with the vertical, the far edge of the beam (PG) 
strikes at 56 ft. 8 in.; the center of the top half of the beam (PF) at 37 
ft. 4 in. above; the center of the beam (PE) at 27 ft. 6 in. above; the center 
of the lower half of the beam (PD) at 21 ft. 5 in. above, and the near edge of 
the beam (PC) at 17 ft. 4 in. above the projector. 


Area 

Section of the Beam Square Feet 


Illumination 

Foot-Candles 


#1 and #13 

2.6 

#2 and #14 

14.4 

#3 and #15 

26.6 

#4 and #16 

21.2 

#5 and #9 

8.5 

#6 and #10 

16.5 

#7 and #11 

31.5 

#8 and #12 

78.6 


399.8 


48 

43 

23 

6 

73 

105 

55 

8 


To determine the average as by Art. 7, the illumination obtained by 
dividing 12,386 by 399.8 is 31 ft-c. Compare this with the illumination 
column and it will be seen how far the average result deviated from the 
actual condition. 


By means of templates for various types of equipment, it is possible 
to study the economics of the installations under consideration. The 
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values for other mounting heights may be obtained directly from 
tabulation given in example c because distances will vary directly as 
the mounting height and areas will vary as the square. The method 
permits the combination of patterns and the determination of com- 
posite effects. 

9, Floodlighting with Color. Color is attention compelling, high in 
advertising value, and aesthetically pleasing. Color adds to the ex- 
terior lighting and attractiveness, and the effect is one of subtle liquid 
shades. Effects may be changed frequently by merely changing the 
cover glasses. The height of color effectiveness and beauty, with 
attracting interest, occurs with the application of mobile light where 



Fig. 11-10.^ Time cycle for mobile floodlight control. 


the color effect is changing continually through some predetermined 
cycle. 

There are two systems of mobile lighting control: (a) the wash 
system and (6) the cycle system. In the wash system the colored light 
is on continually and white light moves from zero to maximum to 
zero again. There is a gradual dilution and fading of the colored light 
as the white light is brought up, and periodically the building comes 
up to a high brightness of white. At other times there are deep, rich 
hues and, in the interim, a variety of tints of these hues. This system 
is expensive for the colored lights are on, even when they are not add- 
ing anything to the effect. 

The cycle system changes both the colored and the white light ac- 
cording to some predetermined time cycle. Figure 11-10 shows such 
a cycle for three colors. Fifteen seconds after the start of the cycle 
as shown, the red is off, the blue is on full, and the white is at half 
maximum; the resultant effect is a blue tint. These changes may be 
produced by mechanical or electronic devices. This system has the 
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economic advantage that the colored light, as well as the white light, 
is controlled and off when not needed. 

Since refinement of spectral quality is seldom required in flood- 
lighting, the depth of the coloring in color equipment should be such 
as to afford as high a transmission factor as possible, or 

Amber 40 to 60% Green 5 to 10% 

Red 15 to 20% Blue 3 to 6% 

To go higher than this will cause the effect to appear washed out and 
lacking in cdlor. If the coloring is deeper there is too much loss of 
light for economy. It is fortunate that surfaces in colored light need 
not be brought to the same degree of brightness as white surfaces for 
the same effectiveness. The following listing can be used to act as a 
guide of effectiveness: 


Color 

Wattage Compared 


TO White 

Amber 

150% 

Red 

200% 

Green 

300% 

Blue 

500% 


This is due principally to the range in the transmission values of color 
equipment, with modifications based upon the different psychological 
effects and the different penetrating powers of light of various colors. 
These effects can be partially traced through the visibility curve. 

In estimating the probable power requirements for color lighting of 
a building, a fair figure is approximately 3 w. per sq. ft. for white 
light and 6 w. per sq. ft. for colored light. In each specific case the 
actual power consumption should be determined so that adequate 
wiring can be installed for proper voltage regulation and thereby the 
most economical operation. 

10. Summary of Floodlighting Design. Three methods of dealing 
with floodlighting design have been discussed in the text material. 
The first, in Chapter 5, is useful where only a portion of the light from 
a floodlight reaches the surface or where specific isolux determinations 
are to be made. The other two methods, given in this chapter, have 
been shown in specific application. Each method gives a degree of 
accuracy comparable to its recommended application. The methods 
given here may be used in a like manner for interior floodlighting 
installation design, but because of interreflections from ceilings and 
side walls, there will be a higher illumination attainable than calcu- 
lated. The amount of increase, of course, depends upon the utilization 
coefficient of the room. 
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PROBLEMS 


Form to be used when recording data for floodlighting design: 


Layout 


Use 

Location 

Surface Material 

Available Location for Floodlights 

Lighting Effect 

Remarks 


Foot-Candles 

Beam Spread 

Type of Lamp 

Size of Lamp 

Type of Projector 

Number of Projectors 


Coverage 

Mounting Height 

Number of Banks 

Projectors per Bank 

Rows per Bank 

Watts per Square Foot 
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1 . Design the floodlighting for an office building in a city of 75,000. The 
building surface material is terra cotta of cream color and the front measures 
100 ft. wide and 120 ft. above the second story. The roof of a one-«tory building 
across a 75-ft. street is to be used to house the projector equipment. 

2 . Design the floodlighting for an automobile parking lot measuring 300 by 
250 ft. The lamps are to be mounted on 35-ft. poles on the periphery of the 
parking space. 

3 . Design the floodlighting for a bank building with a light marble front, 
the building located in a city of 100,000. The building is 75 ft. wide and meas- 
ures 140 ft. from the second story to the top. The best location available for the 
equipment is a 60-ft. building 90 ft. from the surface to be lighted. 

4 . A 500-w. general service lamp is placed in a projector which has a beam 
efficiency of 45%. If the projector is located so that it covers 1000 sq. ft., deter- 
mine the average illumination on a surface if the maintenance factor is 70%. 

6. A General Electric Form L-31B floodlight was used to illuminate a 
surface 50 ft. above the projector and 200 ft. away from the projector. If the 
surface measures 120 ft. high and 65 ft. wide, what will be the average illumi- 
nation if a 1000-w. lamp is used? What is the efficiency of this combination? 

6. Design the floodlighting for an outdoor sign 200 ft. long and 30 ft. high 
with a system of projectors located behind shrubs located 75 ft. in front of the 
sign. The bottom of the sign is 25 ft. above the projectors. 

7 . A temporary display 30 ft. wide and 60 ft. high was illuminated by two 
floodlights obtained out of stock. One was located 20 ft. to the left of the disr- 
play, 40 ft. in front of it, and 12 ft. below; the other 40 ft. to the right and in 
line with the center of the display. The first equipment was a Westinghouse 
CA-16 with a 750-w. general service lamp and the second a Crouse-Hinds 
LDE-16 750-w. projector. Determine the average illumination on the display 
and the per cent of beam lumens which are not effective. 

8. Design the lighting for a municipal swimming pool which is 75 by 35 ft. 
The projectors are to be mounted on the corners of the pool on 30-ft. poles and 
the general illumination should average 5 ft-c. 

9. Compare the per cent lumens lost from the beam of a narrow, medium, 
and broad floodlight, each equipped with a 500-w. general service lamp and 
placed 100 ft. from a surface 10 ft. square. What is the average illumination in 
each case? 

10 . A medium beam floodlight using a 1000-w. lamp is located 15 ft. from a 
vertical surface and tilted at an angle of 30°. Compare the average illumination 
in each of the 16 regions shown in Fig. 10-10 when computed as a projector close 
to a surface and as in a general floodlighting problem. Express the comparisons in 
percentage. 
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CHAPTER 11 
NOVELTY LIGHTING 


Novelty lighting is closely associated with showmanship, and its 
appeal must be that of attraction. Some novelty installations are 
designed for permanence, but for the most part the design is for tem- 
porary use only. As long as its novelty lasts it will attract but, after 
seeing the installation a few times, the average patron turns to another 
attraction that is new. The novelty lighting design is usually asso- 
ciated with some form of luxury or entertainment, for it caters to a 
public that is restless and must be entertained or it will become bored. 

Theaters, expositions, restaurants, cocktail bars, night clubs, and 
dance halls must produce stimulating attractions to draw patrons to 
their doors; therefore, these concerns are always alert for the unusual 
in schemes of decoration. It would be impossible to discuss the thou- 
sands of schemes that have been developed but, since all of them are 
built upon the same fundamental principles, these principles will be 
discussed, and a series of suggestions which may be modified will be 
given. 

1. Elements Involved in Novelty Lighting Schemes. The basic 
elements which are combined or used singly in all forms are few. A 
list of them will contain: 

a. Projection: 

Clear image 
Diffused image 

b. Color 

c. Motion 

d. Shadow 

e. Silhouette 

Under color will be included the light sources which produce various 
color effects, such as mercury, sodium, and ult’-a-violet. 

As discussed in Chapter 3, color and shadow are factors of im- 
portance in recognition, but they may be used to confuse as well, and, 
because of human dependence upon these factors in recognition, they 
may lead to the development of illusions. Often the most striking 
effects are the most simple to construct and operate. 
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Fio. Lighting equipment and coves may be converted for novelty lighting. 
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The examples given are difficult to classify, because in each several 
of the basic principles may be present. The classifications are, there- 
fore, based upon the major factor that is operative in producing the 
effect. 

2. Novelty with Luminous Elements. In Chapter 9, the luminous 
element was discussed from the viewpoint of utility in furnishing light- 
ing for some specific task. The elements are even more important in 
their possibilities for novel effects. Any of the standard elements as 
shown in Fig. 1-11 may be arranged into the architecture of the club, 
theater, or night club and treated with color or special glasses for 
sparkle or diffusion, thus providing novel effect. The character and 
location of the element will be a matter of aesthetic design. The 
usual precautions must be taken in installing these units, and the de- 



Fiq. Luminous elements used for novelty lighting. 

gree of brightness must be controlled as in any luminous element, but 
it is seldom that places of amusement require high illumination. It is 
more usual to have a very subdued, but interesting, lighting system. 
Combining the luminous element with various forms of down-light 
permits the most satisfactory treatment of the novelty element with- 
out a sacrifice of necessary illumination. The down-light leaves the 
ceiling dark and this darkness is useful in extenuating the color and 
sparkle of the luminous element. 

In the class of the luminous element are coves and coffers. Figure 
1-1 IS shows some of the variations that may bp used in making this 
type of element interesting in a decorative way. Where several rows 
of lamps are needed, it is possible to use lamps of different colors in 
the various coves. 

If a single lighting strip is used, a very interesting novelty can be 
obtained by arranging lamps of different colors alternately in the strip 
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and putting them on separate circuits so that they can be controlled 
for blending or periodic changes. 

The ceiling as a cove proper may be made unusually interesting 
with many forms of pattern, shadow, and multilayer lighting. Figure 
l~llc illustrates a form of surface treatment of a cove which will give 
striations of color if lighted from opposite sides (cross projection), for 
the spill light from one cove will light its own undersurface and its 
vertical surface will be lighted from the projector on the far side. 



Fig. 2-11.'^' ” Luminous elements and setbacks used for novelty lighting. 


Figure 1-1 Id shows the effect of placing a relief in the cove purposely 
to throw interesting shadows. If various colored lights are used in 
conjunction with the pattern in relief, the effect will be that of a colo- 
rama, which will be discussed later. Soft shadows are the result of a 
diffusing light and harsh shadows may be obtained by using plain 
lamps with colored glass or clear lamps. If reflectors are used, they 
will give a better utilization of the light but will also tend to smooth 
the edge of the shadow. Usually the shadows will be sharp enough 
for the effect desired. Figure l~lle shows the cove equipped with ver- 
tical flutes, and these angular flutes change the entire appearance of 
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the cove. The reflectors arc so placed that each will light one individual 
flute. In small coves natural colored lamps can be used, but a con- 
centrating reflector is necessary in the largo ones. 

Directive luminous (elements as shown in Fig. 2--lla are of special 
value in novelty lighting. These may be used where it is desirable to 
control the light in one direction. If ceilings are low and the patrons 
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Fig. 3-11.” Niches, mirrors, and pictures have effective uses in ornamental lighting. 
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are facing so that the dark side of the element is in the line of vision, 
it will be considerably more comfortable than facing an exposed light, 
and at the same time the lighting will be subdued. These methods are 
also applicable for under balcony lighting, and even the ceilings of 
large halls and auditoriums have been treated in this manner. Figure 
2*116 shows a directive unit which can be used as a background for a 
band stand or for a shell for stage performances. 
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In the luminous element class are three devices that may be used 
either for attraction or decoration. Figure 3-1 la shows three methods 
of lighting niches, either large or small. These niches are excellent 
for turns in stairways, lobbies, corridors, and lounging rooms, and are 
enhanced by statuary and cutout designs. Light from behind the ob- 
ject produces silhouette effects and translucent material may be of a 
particularly expressive nature if lighted from one side. Figure 3-116 
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Fig. 4-11,” Signs must have the element of attraction. 

shows several methods of illuminating pictures or announcements, and 
even arrangements of small mounted objects. A picture should be 
evenly lighted without any annoying reflected glare. Highest candle- 
power of the distribution curve of the equipment should fall on the 
lowest part of the picture or announcement. If the light is from below 
the reflected light is upward and out of the range of vision, but it is 
difficult to arrange such lighting without unsightly equipment. Such 
architectural treatment as medallions and large murals are frequently 
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lighted by fl<)odlighting arrangements properly concealed. The lighting 
in a niche or on a picture should be at least 5 or 10 times more than 
the surrounding light to give it the proper prominence. Figure 3-1 Ic 
shows various methods of lighting mirrors. Lighting for a mirror 
should fall, as much as possible, on the object to be viewed rather 
than on the mirror. A diffused source of low brightness is the best 
source of light. One of the most serviceable lighting methods is a 
completely hidden light source from which the light upon the object is 
indirect. Statuary, flowers, and various materials form attractive 
novelties when placed before the mirror. 

Figure 4-11 suggests several means of lighting displays and an- 
nouncements and some methods of producing silhouette signs or at- 
tractive pattern schemes for novdty. The cases shown in Fig. 4-116 
are subject to all types of modification. Instead of a corrugated ma- 
terial for a background, a crumpled foil is particularly attractive. 

3. Novelty with Color. Chapter 4 dealt with color in an objective 
manner, giving means of mixing and methods of producing. Color 
lends itself so easily to attractive lighting in so many various forms 
that it is the one device used most extensively for advertisement and 
attraction. 

Figure 5-1 la shows an arrangement which will produce a wide 
sweep of mixed and elusive colors over a screem. (The wheel is thrown 
out of focus with respect to the screen.) If several wheels are rotated 
in the beam from the spot light and are not synchronized, the pattern 
will be always changing, and the use of alternate wheels going in op- 
posite directions is very successful. Introducing several wheels of 
configurated glass and a color screen in the beam is another method 
of producing unusual novel effects. Wheels have been used which 
were made up of several sections containing pieces of broken cut or 
embossed glass, so that there was a continuous change of pattern as 
the wheel rotated. There is no limit to the combination that may be 
made with revolving wheels of materials and color scrc*ens thrown upon 
a screen out of focus. One unusual effect is produced by geometric 
figures cut out and placed in one of the revolving discs. 

The kaleidoscope consists of two mirrors inclined at some angle 
which is a submultiple of 360 degrees. Figure 5-J16 shows an arrange- 
ment with the mirrors inclined at an angle of 36 degrees; the resultant 
image is made up of ten patterns. The mirrors form a symmetrical 
arrangement of the images, and they are formed in great varieties as 
the particles are agitated, usually by rotating the end pieces before 
the mirrors, changing the patterns unexpectedly from one graceful 
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form to another. This figure shows the observing tube tapered from 
its base to the end. This is not necessary, and more light is available 
if the mirror tube is straight. It is difficult to obtain enough light 
through the objective lens to produce a large image, but the results 
are startling and interesting, making this device worthy of effort in 
developing novelty effects. 

The usual method of mixing colors on a neutral background by the 
use of dimmers (additive color scheme) has been used for a very long 
time, and draperies carefully arranged with the correct color lighting 
still forms one of the most attractive effects produced with color. 



Fig. 5-11. Color wheels and kaleidoscop)e may be used for projected patterns. 

The folds of the drapery or curtain produce the finest kind of shad- 
ings, and the mellow shadow involved adds a characteristic that can- 
not be obtained by any other means. Direct incident light produces 
strong, bold effects and the cross lights produce color mixtures and 
subtle light effects. 

Some of the more common ways of making color light for novelty 
most effective are given in the following examples: 

Glass blocks (Fig. &-lla) have been previously, discussed as a means 
of general lighting or for light panels. Special formed glasses may be 
substituted for glass blocks. They give a more subtle effect in novelty 
lighting. The fluted and embossed surfaces modify pronounced light 
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beams. If the fluting is such that flutes are at right angles to each 
other, the designs will be of particular effectiveness when lighted with 
lumiline, fluorescent, or incandescent lamps, or with small sign units 
which include the lamp and the reflector as one unit. The line light 
sources may all be in one direction, but if placed at right angles to 
each other, either parallel to the sides of the blocks or on diagonals, 
the effect becomes doubly interesting. The line (lumiline and fluores- 
cent) sources may be combined with incandescent lamps for new de- 
signs. Neither color scheme nor arrangement need be fixed, and the 
design may be mobile. 

The illusion of falling water may be obtained by using a slowly 
moving endless belt of silver clo^h, properly jJJurninated, as a back- 
ground. The best illusion is obtained with glass blocks that ar 
ribbed or cross ribbed, or have ribs running in a horizontal direction. 
The effect is for relatively close viewing. 

Other interesting and spectacular effects may be obtained with 
polished corrugated metal as a background in conjunction with colored 
lamps. Rotating wheels having line source and incandescent lamps 
\\ith or without reflectors fastened to the wheel produce ever-changing 
effects at small cost. If streamers of colored cellophane are located 
between the source and the panel and agitated with a fan, moving 
color effects may be produced. Sheets of crushed colored cellophane 
between the source and the wall will have special effects of interest. 
A random painting or daubing of the background with color will pro- 
duce a color effect somewhat different from those brought out by col- 
ored lamps directly behind the glass block. A mirror placed to reflect 
the image from a color wheel on the blocks is another method of ob- 
taining mobile color combinations. 

COLOR 

Reflectors and any number of reflector arrangements with colored 
lights give an interesting control of a multiplicity of pattern effects. 

а. (Fig. 6-llb.) Spun oxidized aluminum reflectors of parabolic 
shape with the lamp at focus, collect the light and send a major por- 
tion of it in one direction. Clear lamps can be used but more interest 
is obtained when the end of the lamp is colored 0i has a colored cap. 
The use of a silver-bowl lamp will produce a striking effect. The 
lamps should be small in size so that no annoying glare is produced. 

б. (Fig. 6-1 Ic.) A polished corrugated metal reflector (flat or 
shaped) lamped with a row of incandescent lamps or a combination 
of incandescent and line sources is one of the latest practices which 
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has been very successful. Since the metal gives specular reflection, 
the lighted lamps produce a multiplicity of sparkling images. The 
reflected light from any one lamp is spread in one direction only, so 
that bands of light just as wide as the lamp are formed in each in- 
stance. 

Brushed stainless steel can be used in a similar manner to give 
somewhat the same appearance. The effect will be color bands of high 
brightness, but there will be less sparkle than from the corrugated 
material. 

c. (Fig. 6-1 Id.) Curving the corrugated polished material and 
using it with line sources produces an entirely different effect. Here 
again different colors may be used — and a contrasting one if desired. 
The lamps at the focal point will cause a long series of stripes as each 
edge picks up the light. These may be placed either horizontally or 
vertically in making up the length of the design. 

d. (Fig. 6-1 le.) Specular reflectors of various shapes may be used 
for housing colored lamps, thereby producing multiple images. Two 
forms of reflectors that have found recent use are: those of parabolic 
shape in a series of reflectors, one beside the other, and the continuous 
trough with a trapezoidal shape attached to a rectangular section. 

e. (Fig. 6-11/.) The use of oxidized aluminum or porcelain enam- 
eled sections with corrugations at right angles and framing a colored 
light box may be made of particular interest if the translucent ma- 
terial serves as a contrast while the whole is floodlighted in color. The 
enameled surfaces may be of different colors on the various sides. 

Any of the strip lights discussed may be made into many designs, 
of which the element may be the unit part. Unit elements of some 
types can be used to build up letters arranged into signs. 

Crushed foil (Fig. 6-1 Ig) may be used in many forms of lighting to 
give a different and attractive background. If foil or light sheet metal 
(either specular or depolished) is crushed at random, there will be 
facets at every angle so that a light source in the vicinity of the 
crushed surface will be reflected from all angles. If several colored 
light sources are present, some facets will reflect one source and others 
adjoining but at another angle will reflect other sources. The polished 
material produces highlights and sparkle; the diffusing types of sur- 
faces produce a softer light and give a pastel effect. 

Globes and geometric forms (Fig. 6-11 A) lighted from either the in- 
terior or the exterior with colored light are used as centerpieces or for 
light dispersion. The simplest form is the molded sphere which is 
covered with pieces of broken mirrors and is illuminated by baby spot- 
lil^ts. If the spotlights are clear and white, the result is a dazzling, 
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sparkling device. Rotating the sphere or other geometric form results 
in a series of bright spots moving over the whole interior. If the baby 
spotlights are colored^ the result is a multitude of colors reflected to all 
surroundings. When the room has mirrored side walls, the interre- 
flections are doubly interesting. 

If the ball or geometric figure (usually an icosahedron) is made of 
translucent material, colored light can be introduced into the interior 
and the whole will be illuminated. One scheme uses two tubular 
lamps under a large beaker which is mottled with transparent colors 
in any form of arrangement or random spotting desired. There will 
be projected color on the translucent surface If the light is made 
mobile or if flicker buttons are jsed with ihe lamps, there is a series 
of colored patterns drifting over the surface continually. 

Fleuretts (Fig. 6-1 Igf) are devices often used for tree decorations 
during the holiday season but need not be confined to this period. 
The pattern is a part of the lamp proper or a special reflector. The 
fleuretts remove the monotony of festooning and outline lighting and 
add accent and finish to the design. They may consist of small re- 
flectors formed in floral or geometric shapes and, where the design is 
large or to be viewed from some distance, these are best, but if the 
design will be viewed closely, as in interiors, the lamp may be stenciled 
in color or may have a cutout stencil over it in order to produce 
luminous designs on the reflector. With stencils, polished reflectors 
are used, but with colored lamps a matte reflector gives the best re- 
sults, The smaller units may be combined into large pattern designs. 

4. Mobile Color Lighting. Mobile color lighting is the basis of 
many novelty lighting effects. There are several methods of control, 
namely, 

a. Resistance dimmers 

b. Autotransformer dimmers 

c. Reactor dimmers 

which are used to blend primary colors to produce brightness and 
quantity gradations with smooth regulation. Dimmers may be manu- 
ally or mechanically controlled through som§ predetermined cycle. 
The equipment may be applied to the smallest show-window display 
or to the most elaborate floodlighting system for a large building. 

Resistance dimmers (Fig. 7-1 Ic), the oldest type of control, operate 
on an energy waste principle. The dimmer must be designed for the 
exact load carried, for an overload will destroy it, and if it is not fully 
loaded, it is not effective in dimming. Figure 7-1 lo shows the charac- 
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teristic curve of the incandescent lamp and the dimmer resistance 
necessary to cause a uniform dimming with a proportional movement 
of the control handle. If dimming is to be effective and without 
flicker, it is necessary to have about 100 points on the dimmer plate. 

Autotransfornier dimmers (Fig. 7-1 Id) are more desirable than re- 
sistance dimmers in that, instead of controlling through the current 
flow, they control through the voltage change. This prevents waste 
of energy as compared to the resistance dimmer, and removes the heat 
problem which is encountered with large switehboards and control 
boards. 

Reactor dimm^ers (Fig. 7-1 le) are also of the voltage control type 
and depend upon a “choking action.’' The ia^o windings are so con- 
nected on a common magnetic path that they can be caused to react 
upon one another. One winding, carrying the alternating current, is 
connected to the lamps and the other (center leg winding) is supplied 
with direct current. When direct current is flowing, the iron core is 
saturated by the magnetic field, and the lights will burn brightly, but 
if the direct current is n'moved, the r(‘actance is increased and the 
lights are dimmed. The control is smooth and easily applied at any 
distance from the reactor by means of a low-voltage signal system. 
The direct current may be supplied by thyratrons which are subject 
to fine and accurate control through their grid circuits. A complete 
and complicated contVol of this type for the most elaborate system of 
the finest opera house can be placed within easy reach of one operator. 

All of these systems can be made subject to automatic control and 
to any cycle which may be desired. Figure 7-116 shows a complete 
color spectrum cycle. The equipment must be correctly maintained, 
and wherever contacts are embodied in the equipment, they must be 
kept clean and adjusted. The autotransformer and reactor controls 
are only good for the control of light in a-c. systems. If only a d-c. 
system is available, it will be necessary to change it over to a-c., or if 
this is not economical, resistance dimmers must be used. If abrupt 
changes are not objectionable, or the action of the sequence requires 
periodic quick changes, a sign flasher may be used. 

Some efforts have been made, and some success claimed, in coor- 
dinating color and music. The motion picture^ house early recognized 
possibilities along this line. The possibilities depend upon psycho- 
logical coordination between color and light, which may produce 
pleasing or undesirable reactions. The music must have a color cue, 
and the colors are played at a keyboard according to the cue sheet. 
This is a field that is practically open in all its forms for the experi- 
menter in novelties. 
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6. The Colorama. An interplay between color and shadows pro- 
vides a wide variety of color and pattern effects. Even the simplest 
system is expensive compared to the other methods of producing novel 
effects. If a single color is thrown upon a surface, the result will be 
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an illuminated surface of that color but, if an object is interposed 
between the light source, a shadow will be cast which is a surface of 
zero light. Now, if a different color source is thrown on the same 
surface the result will be an illumination of the shadow in this second 
color, a mixture of the two colors, and another shadow from the second 
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color illuminated by the color of the first source. The shadows will 
be illuminated by every color except the one causing it to be formed, 
and ail areas free from shadows will be illuminated by a mixture of 
all the colors. In using this principle, the resultant effects will be 
limited only by the variety of shadows and color combinations. 
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6. Pattern Projection. The projection of patterns may be through 
regular optical projectors or upon the camera obscura principle. End- 
less novelty effects and patterns may be projected from slides. Color 
can be introduced by means of regular methods of slide coloring or 
with natural color photography, and actual color in scenes or from art 





Fig. 9-1 Projected patterns. 

work may be reproduced in natural colors. A series of these projectors 
hidden behind screens, coves, or architectural elements of the room 
may project whole murals or scenes upon the walls. By using con- 
tinuous projection machines, the scenes may be changed or a decora- 
tion may be given the elements of actuality. This method has been 
used to reproduce a detailed under-ocean scene, and a scheme was once 
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introduced showing a tower in which a clock recorded the correct time 
by means of projection. 

In addition to the methods mentioned which have found such 
general use, there are others which depend upon simple devices not 
requiring optical equipment. Some of these are: 

Chromajkdors (Fig. 9-1 la) depend for their effect upon a change- 
able cone introduced between the light source and the reflector. It is 
a simple device consisting of a reflector with a matte or semi-matte 
surface and a lamp over which is placed a tnmcatcd cone in a decora- 
tive pattern filled in with color media. Endless changes in color and 
pattern may be made by changing the design on the cone. The re- 
flectors may be made of cardbosrd for tempci iry installations and of 
spun metal for permanent fixtures. The possibility of giving a new 
aspect periodically is useful to the decorator. 

Projected light patterns (Fig. 9-116) are a form of decoration which 
may be easily changed at will and may be made up very inexpensively. 
The method employed is the camera obscura, and is the same principle 
as the Linneback lamp us('d on the stage to throw whole scenes on a 
background. The pattern is cut out of some opaque material and 
placed over a box painted black on the interior and containing a 
concentrated filament clear lamp. Projection and floodlight lamps are 
best, but the mill type of clear lamp is satisfactory. The rays of light 
emitted from the filament pass through the cutout and the image is 
reproduced on the w^all or ceiling surface. The picture may be re- 
produced in color by using colored material over the openings in the 
cutout. Cellophane serves this purpose inexpensively. 

The number of images may be multiplied by using additional lamps 
or by placing mirrors at proper angles in the box. 

If colored bands are used instead of a cutout and two lamps on 
cycle equipment are used, there will be a fan-like set of colored streaks 
on the surface and correct timing of two or more lamps will produce 
an apparent sweep of colored light rays across the surface. The cut- 
outs need not be large, and small lamps (even automobile lamps) may 
be used; therefore it is possible to install a system of this type in a 
very small space (Fig. 9-1 Ic). For permanent installations, glass and 
metal may be used on the cutout proper; the wiring may be of wire 
channel type connected to mobile light equipn^nt. 

The lighting need not be confined to frieze, mold, or cove but may 
be embodied in the individual fixtures. Stencils (Fig. 9-1 Ic) confined 
in the edges of the equipment or wire shadow patterns in the top will 
each produce a pattern effect on the ceiling. This is particularly good 
for application in a small interior where economy is of utmost im- 
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portance. Here a play on color can be inexpensively obtained and, 
since any large central fixture is usually made up of several circuits, 
the use of thewse individual circuits for flexibility in pattern may be a 
simple solution for a variation of effect. 



Fig. 9-llB.**” Projected patterns. 


7. Conduction of Light. The conduction of light through media 
has played probably the smallest role of any type of novelty lighting, 
but with the development of plastics and the use of plate glass and 
glass rods with proper characteristics, many suggestions can now be 
made for the use of this method in obtaining effects. 

Lighting plate glass strips from the edge permits the forming of 
geometric or iuturistic patterns in various lines of design and color. 
The lights are hidden and the glass, acting as a light fin, forms an 
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attractive pattern. A combination of rods and glass sheets on edge 
introduces another method for building up designs. 

Cane glass (Fig. 10-11) may be bent into various forms and designs 
which will conduct the light and be of unusual interest. The lengths 
of glass must be suitable for high light transmission and low refrac- 
tion. Quartz, though b("st, is very expensive, and Pyrex has been used 
successfully for this purpose. Since the light is conducted through the 
rod, it has a pleasant glow, and if the ends are exposed, there will be 
a bright spot of light. Faults and blemishes in the glass will glow 
interestingly, and slight etchings will stand out promiiientlv. The 
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light is introduced into the rod by using concentrated lamps concealed 
in a housing or by prisms and mirrors used to bend the beam at the 
rod. This forms a dignified and restrained decoration. 

8. Shadows and Silhouettes. Shadow and color combinations 
have been discussed previously, but shadow in itself can be made an 
object of attraction. Soft shadows are thrown by diffused light; sharp, 
harsh shadows are formed by projectors. Screens of various shapes 
made of tracing cloth, tracing paper, etched or sand-blasted glass, or 
translucent material will pick up shadows projected from the rear. 
Plants, draperies, furniture, or heterogeneous arrangements placed in 
front of a light and behind the screen will act as a decorative unit. 
Frequently, suspended streamers of crepe paper when agitated will 
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form a background for other demonstrations which are characterized 
by movement. The shadoscreen has been used in various forms of 
entertainment in which the action was projected on the screen in sil- 
houette by using projectors behind the actors. 

Superposed color elements. In this group are included silhouette 
signs and architectural elements applied to the special purpose of 
decoration. The principles permit the use of contrasting colors in 
juxtaposition. It is possible to create an impression of depth and-* 
translucency in opaque materials. There is available a variety of 
textures for backgrounds, and by means of superimposed color and 
relative brightness, soft patterns having a contraction and expansion 
are produced that cannot be produced with light in any other form. 
These methods may be used in both small and large designs. 

Trees, flowers, and any number of geometric forms including signs 
may be arranged in superimposed colors. A control can be devised 
for giving continuous changing effect, or the color scheme (if static) 
may be changed periodically. 

Cutout patterns of any subject (Fig. 11-11 A) may be interpreted in 
single layers or multilayers. The multilayer scene may be lighted in 
various colors for each separate step, and this lighting may be of 
different degrees producing depth and a positive third dimension. 
This may be used in signs and in drawing attention to merchandise 
of various types. Exploded and skeleton cutout patterns may be 
illuminated to attract attention to the special features embodied in a 
device. 

Shadoscreens (Fig. 11-116) are made of some translucent material 
(a good material is lacquered muslin) which intercepts the shadow of a 
flower or other artistic arrangement. The interest may be accentuated 
with two or more colors of light, and these may be static or changing. 
The pattern is necessarily of low brightness and is to be used in sub- 
dued light. It may carry a simple design for daylight appearance, and 
then be illuminated for night. Whenever illumination is used, the 
design of the material making up the pattern will not affect the shadow 
picture. The screen may be used for background, or the change of 
action may take place behind the screen and become a part of the 
design scheme. Shadoscreens have been used for profile photography 
and for the demonstration of shadow graphs made by forming the 
hands into interpretive designs. 

Light mosaics (Fig, 11-llc) depend upon cutouts and separately 
lighted compartments or upon separate boxes of individual light ar- 
ranged in mosaic pattern. There are many shapes of cast and blown 
glass and geometric luminous forms which may be appliqu^d upon a 
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surface, either ceiling or wall. These are often arranged in patterns 
on boards. They are made of flashed opal glass and are available in 
different sizes. White or colored light or a mixture of several colors 






Fio. Setbacks. 

in any pattern arrangement may be used. The glass has a transmis- 
sion factor which compares with ordinary enclosing glassware. 

Painted boxes, indirectly lighted, when placed in a pattern of 
alternate light and dark surfaces will produce a checkerboard effect 
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which may be used for framing openings or for backgrounds. These 
effects may be obtained in either static or mobile color. The boxes 



Co/or^c/ Lamps 

Fig. ® Screens and mosaics. 

of light panels need not be square but can have any desired shape. 
Forms of grill work built up in this manner are interesting, and a grill 
built of a series of troughs which are illuminated may be used to form 
a mosaic effect. 
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If several grills are placed in a box in such a manner that the first 
is quite open, the next partially obscuring, and so on, each grill being 
lighted by its own individual set of lamps, a very interesting mosaic 
is formed. If the lamps in the various compartments are of different 
color and are under manual or automatic control, the pattern may be 
changed with each change of lights. By placing each offset under a 
cycle system, none of which repeats regularly with another, a limitless 
number of varying patterns may be formed. If dimmers are used as 
well as a cycle change, colors changing in intensity may be super- 
imposed upon pattern and mobile change. This is a form of novelty 
lighting which has limitless opportunities, for as one looks at such a 
decoration from different angles, the colors blend into a marvelous 
mosaic. 

An interesting variation of the general scheme employs a grill or 
plate of cast glass with ornamental openings, v hich may be tinted or 
etched. This plate is mounted in a box with a white background 
having two rows of lamps, one in front and one behind the plate. 
When the front row is lighted, the surface shows up by reflected light, 
but when the back row is lighted, the surface is illuminated by trans- 
mitted light. In addition to the reflected light when the front is 
lighted, there is an intermingling of shadows which is very attractive. 
It is also possible to use various color combinations in these arrange- 
ments. 

9. Pylons, Columns, Pilasters, and Mushrooms. These forms 
have been the hand tools of designers of expositions and Christmas 
street decorations in the past, but now there is a place for most of 
these designs in interiors of more dignified and interpretive moods as 
well as exteriors designed for magnificence and grandeur. These de- 
vices can be used in either permanent or in temporary form, using 
materials the choice of which is governed by economic considerations. 
The materials used in other types of novelty design can be used in a 
vertical plane as well as in the horizontal plane, as is the usual prac- 
tice. 

Pylons (Fig. 12-1 la) are useful for decorations out of doors and in 
large interiors. The expositions of the la^t ten years have made much 
use of this device. There is no limit to design with respect to form, 
color, and animation. The pylon may be a luminous element, as dis- 
cussed in Chapter 9, with colored glass or colored light in the inside. 
Interesting pylons are also illuminated from troughs or light strips 
placed on the outside of the pylon. The surface may be straight or 
curved and the lighting equipment may be in focus or out of focus. 
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Columns (Fig. 12 - 116 ) may be treated in various ways either by 
illumination of the complete column or by special treatment of the 
capital. If the column alone is treated, it may be done in the same 
manner as a pylon. Colored lights inside the column (either static or 



mobile), together with a baffle of colored material or a glass with color 
treatment using a projection lamp underneath, will produce projected 
light streaks on the column. These may in turn be given mobility 
by rotating the screen or baffle. If the column is broken up into sec- 
tions by means of cutouts and if lights of different colors are intro- 
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duced into each section, there will be a colorama effect on the surface 
of the translucent material. 

The capital can be fluted and have variously colored light hidden 
behind the flutes to light the surfaces in different colors. Small in- 
candescent lamps may be used as a jeweled band around the column 
in any manner desired, and baby spotlights may be used in conceal- 
ment behind the capital to produce radiating rays of colored light 
from the top. 

Mushroom lights (Fig. 12-1 Ic) have been used at expositions and 
along paths for garden lighting. It is not neces{?ary to confine this 
type of equipment to the exterior, for it can be used around center- 
pieces in ballrooms and other places of entertainment. The total 
height of the fixture is from 30 to 36 in., and the greater part of the 
light is thrown downward by means of an opaque or translucent re- 
flector. Colored plastic material will make both an efficient and a 
colorful reflector. There is no limitation to the number of shapes that 
the so-called mushrooms may take; they range from geometric forms 
to the representation of flowers. The pedestal may be made luminous 
and ornamental if this is desired. 

Similar to the mushroom is the arrangement of festoons of lights 
against flat surfaces and in the form of cones. These may be of any 
size. Since they are formed with exposed clear or colored lamps, 
there is more sparkle and glitter from them than from the mushroom, 
which is more dignified and subdued. 

10. Ultra-Violet Luminescent Effects. Because effects are pro- 
duced with ultra-violet light in which all but 1 or 2 per cent of the 
visible light has been filtered out, the term '' black light is the 
popular name given to installations and demonstrations of this com- 
paratively new source of light. Luminescence (cold light) is a term 
applied to all light produced except by incandescence; therefore the 
term cold light signifies, at present, a light that may not be as cool as 
that produced by fluorescence. The new fluorescent lamp is an ex- 
aniple, for though frequently called cold lights it is only in a technical 
sense that the light is cold because there is actually still far more en- 
ergy wasted than is wasted by the firefly, with correspondingly lower 
eflSciency. 

f 

LUMINESCENT PAINTS AND MATERIALS 

There are two kinds of luminescent materials: those which glow 
only during the period of excitation from the source (fluorescent) and 
those which will glow for a period of time after the exciting source is 
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withdrawn (phosphorescent). These two kinds of materials have two 
very different luminous effects. Many compounds and geological 
specimens will show these characteristics. For novelty effects, it is 
essential that the colors come out brightly under the least amount of 
excitation. A long list of materials could be given, but only those 
considered active enough for special lighting effects will be listed. 


Geological 

(Fluorescent Minerai^) 

Wernite 

Calcite 

Willemite 

Brucite 

Fluorite 

Fluorescent 

Calcium sulphide (bluish) 
Zinc sulphide (green) 
Rhodamine (red) 

Uranium glass (yellow green) 
Greases and vaselines 
Oil and kerosene 


Phosphorescent 

Calcium sulphide 
Barium sulphide 
Strontium sulphide 

Fluorescent (in Solution) 

Anthracene in benzol 
Eosine in water or alcohol 
Esculin in water 
Fluorescein (slightly alkaline) 
Naphthalene red in alcohol 
Quinine sulphate in water 
Resorcin blue in water 


Some Useful Mixtures 

Blue-violet, Dissolve 5 parts of vaseline and 12 parts of white paraffin wax 
of melting point 140° F in 175 parts of benzine and add, by stirring in, 5 parts 
of finely powdered calcium salicylate. Five parts of aesculin may be substituted 
for the calcium salicylate. 

Apple green. The same mixture as above, using anthracene for the calcium 
salicylate. 

Brilliant green. Dissolve 20 parts of cellulose acetate in 300 parts by weight 
of chloroform into which one part of vaseline to 15 to 37 parts of chloroform are 
dissolved. Mix thoroughly and add 10 to 30 parts of finely powdered potassium 
uranyl sulphate. 

Orange-yellow. Substitute zinc sulphite containing one part in 1000 of man- 
ganese for the potassium sulphate in the above formula. 

Red. Mix 100 parts of zinc with 20 parts of cadmium sulphate and in- 
corporate in gum. The consistency of the mixture determines the brilliancy of the 
resulting hue. 

Materials and paints for fluorescent decorations are rather expen- 
sive, but they are available even for outside sign use. They have 
been used for novelty decorations on exposition buildings. The mix- 
ture of the materials as given depends a great deal upon the techni- 
cian, and it is not in every instance equally easy to obtain results. 
Many of the printed materials purchased in a dry goods store give 
unusual effects, for most materials dyed with aniline dyes will show 
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fluorescence. If a vivid pattern of cloth printing which will respond 
to ultra-violet rays is chosen, it will be the basis of a novelty design 
in itself. 


ULTRA-VIOLET SOURCES 

It is the near ultra-violet which is useful for the production of 
fluorescent and phosphorescent effects. This is the band of radiation 
just beyond the visible violet. There are many sources of ultra-violet, 
but for energizing paints and materials for decorative or novelty effect, 

TABLE I-ll» 


Source 

Watts 

Reflector 

Filter 

Maximum Distance 
at which Lamp 
is Effective 

Maximum 
Spread 
in Feet 

Nico lamp (50-in. mer- 
cury tube) 


Porcelain trough 

Nickel cobalt 
tube 

13 ft. 

30-35 

High Intensity Mercury 
Vapor 

400 

Oxidized aluminum,! 
high-bay mounting 
unit 

Red purple 
ultra tube 
No. 584 

*15 ft. 

*12-15 

High Intensity Mercury 
Vapor 

250 

Oxidized aluminum, 
high-bay mounting 
unit 

Red purple 
ultra tube 
No. 584 

*10 ft. 

*8-10 

Sunlamp (Type S-1) 

450 

G-E Model E 
(Oxidized aluminum) 

Corning No. 
597 plate 

12 ft. 

12-15 

Sunlamp (Type S-2) 

175 

G-E Bermuda 
(Oxidized aluminum) 

Corning No. 

1 597 plate 

8 ft. 

8-10 

Mazda CX lamp 

500 

Polished aluminum 

No. 587 plate 

12 ft. 

9-11 

Mazda CX lamp 

250 

Polished aluminum 

No. 587 plate 

10 ft. 

7-9 

Mazda CX lamp 

60 

Polished aluminum 

No. 587 plate 

3 ft. 


Photoflood 

No. 1 

Polished aluminum 

No. 587 plate 

9 ft. 

8-10 

Photoflood 

No. 1 

Polished aluminum 

No 587 and 
428 plate 

6 ft. 

6-8 

Argon Glow lamp 

2 

Polished aluminum 

None 

2 ft. 

1-1 H 

tSpotlight (baby) 

500 


No. 587 plate 

10 ft. 

6-8 

tSpotlight 
tArc lamp 

1000 


No. 587 plate 
No. 587 plate 

20 ft. 

100 ft. 

10-12 

20-25 

H3-Capillary 

100 

G-E Model E 
(Oxidized aluminum) 

Corning No. 
597 plate 

12 ft. 

12-15 


♦ Calculated. 

t From Stroblite Company folder. 


it is necessary to eliminate the visible light, because the radiated light 
from the materials has very little energy, and the room or space must 
be comparatively dark. Table I-ll lists the available sources from 
which the equipment which will satisfy the conditions to be met may 
be selected. 

Reflectors of porcelain and silvered glass will do well for the near 
ultra-violet, and Alzak aluminum reflectors are good for producing 
beams of concentrated ultra-violet. Filters may be introduced in the 
path of the ultra-violet light to eliminate the visible rays, or the filter 
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may be incorporated in the lamp itself. This latter practice is the 
more d(‘sirable, for the light is then well screened and the cost of a 
lamp with the correct filter glass is very little more than that of a 
clear lamp which must be used with an external filter. 

11. Polarized Light. Though the effect of crystal patterns and 
polarized light has been known for years, only recently has a polariz- 
ing surface, large enough to be useful in making these phenomena 
available for producing light patterns upon surfaces and screens, been 
made available. A material '' Polaroid, is now available in sheet 


Cri/sfa/ or Ostjocf 
^Ob Jectf\/e 


i^ef/ecfor 

Conaensfir^ f nj/ar/zing Sheet 

'■/y/ Po/arJir/ngr Sheet 

(a) 


Scree/7 ->J 


M/rror 




Screen- 


Lens 

^ -Snc/ Po/ar/z/ng Sheet 
{^effector cz-d-zr * -Crista/ or Object 

Po/ar/z/ngr Sheet 

/^hf/rror 

ConaLenser^ 

Fig. 13-11, Equipment for polarized Iip;ht effects. 


form in sizes the customer may desire. Two sheets of this material 
used with projection equipment will open up a new field of novelty 
lighting. Figure 13-11 shows the arrangement to be used for pro- 
jecting a mosaic pattern from natural crystals and interference pat- 
terns of a stepped retarding plate. 

Natural crystal slides may be made from the following materials: 


Caffeine 

Acetamide 

Hypo 

Benzoic acid * 
Silver nitrate 


Sodium chloride 
TaWaric acid 
Sodium nitrate 
Hydroquinone 
Elon 


Acetamide melts at about 115® C; therefore, it is readily used in 
crystal formation. To prepare it, a small amount is melted on a warm 


* This is the most successful for storage. 
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cover glass and covered with another; the crystals will form between 
the glasses held tightly together and may be used for projection at 
any time, or if they are heated to the point where the crystals are 
dissolved, they will reform in the projector as the material cools, and 
the forming mosaic pattern may be seen. Rtmzoic acid forms one of 
the best crystals for clear and brilliant patterns and may bo used 
indefinitely. The other materials will form crystals in the heat from 
the projector as the saturated solution crystallizes, and the progress 
of the crystal growths can be seen. 

Other interesting effects may be obtained by placing crushed cello- 
phane between two glass slides; a multicolored mosaic will be formed 
because of light interference in the various layers of the material. If 
a piece of celluloid is carved so that the carving has many depths, the 
resultant pattern that is projected will be of varied color. 

If the two polarizing surfaces are placed so that all light is elimi- 
nated, the various materials between th(' polarizing sheets will show up 
in their characteristic colors. By rotating one sheet of the material 
the colors will change so that mobile color may be introduced into 
the scheme. Though the method has been demonstrated, it has yet to 
be used on a large scale for novelty lighting. This is, however, not 
true of fluorescent effects. 

12. Fountains. By placing lighting equipment under water and 
jetting the water, many varieties of interesting effects may be ob- 
tained. The projector type of lamp may be successfully used for this 
purpose in small installations; for large installations special equip- 
ment is available. Projector-type lamps, since they are water-proof 
and can be placed in simple fittings (being enclosing units themselves), 
are excellent for temporary displays. 

There are several types of jets and sprays which may be used singly 
or in combination to produce colored water effects. Solid jets are for 
high water effects, and, up to 20 ft., may be depended upon to be 
formed by the service pressure; beyond that, it is necessary to use 
fire nozzles. They may be set vertically and in groups if desired. 
The effect is a plume-shaped hood of water. Ring jets consist of a 
series of small nozzles set on a ring and separated by a few inches. 
When the ring is placed in a vertical position a cylinder of water with 
a plume-shaped crest is formed. By inclining the jet outward an 
umbrella-shaped head is formed and, when inclined inward, the result 
is a dome-shaped head. Straight-line jets are used for curtains of water 
which act as backgrounds for displays and, if illuminated by clear 
floodlights, the curtain can be used as a screen for setting a stage for 
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a pageant, because of the brilliant sparkle to the water when thus 
illuminated. Straight-line jet fountains an^ made up of small nozzles 
spaced a few inches apart. Cone sprays an* produced by nozzles with 
spirals or deflectors to produce a cone of the required angle. Internal 
spirals may be set to give the angle desired; deflectors are used ex- 
ternally. Flat sprays have a V(‘ry narrow divergence in one plane and 
a wide divergence in the other. Ingenuity in combining the jets and 
in locating the nozzles producers the final effect. 

There are two ways to illuminate the sprays and jets: either in 
the stream of water itself, which is the most desirable method, or by 
floodlighting the water from projectors placed at strategic points. 


TABLE II 

Novelty Lighting Coia)r Media 




(''olors 

Available 

i 

Purity 
of Color * 

Efficiency 
of (^olor 
Produc- 
tion 

Initial 
Uni- 
formity 
of Color 

Perma- 

nence 

Mainte- 
nance 
of Light 
Output 
in Equip- 
ment 

Cost of 

Producing Color 



of Color 

Initial 

Overall 

2 

Natural-Colored 

Few 

Excellent 

Excellent 

Fair 

Excellent 

Good 

Average 

Average 

s 

3 

e 

§ 

Lamps 

Inside-Sprayed 

Lamps 

Limited number 
of standard 
colors 

Fair ' 

1 

Poor 

Fair 

Fair 

Poor 

Low 

Average 

Outside-Sprayed 

Lamps 

Limited uumber 
of standard 
colors 

Fair 

Poor 

Fair 

Poor 

Poor 

Low 

Average 

§ 

< 

g 

Dipped and 
Lacquered 
Lamps 

Many 

Excellent 

Excellent 

Fair 

Poor 

Fair 

Ia)w 

Average 

Color Caps and 
Hoods 

Few 

Good to 
excellent j 

Good to 
excellent 

Good 

Excellent 

Fair to 
good 

Average 

Low 

1 

|Col(Mred Roun- 
dds and Plates 

Few 

Good to * 
excellent 

Excellent 

Good 

Excellent 

Excellent 

High 

Low 

o 

<! 

Colwed Gela- 
tines 

Many 

Excellent 

Excellent 

Good 

Poor 

Good 

Low 

Average 


Color changes and the various types of colors are obtained by color 
screens and mobile lighting equipment as in any other type of novelty 
lighting. Large fountains with a multiplicity of pumps and color 
equipment require the services of a specialist, as does any major 
lighting installation. 

13. Materials for Novelty Lighting. Any catalog of theatrical 
supplies and advertisement materials of ek ctrical nature will open the 
path to the selection of suitable materials to work into a design. In 
addition to these standard products, all the materials for lighting con- 
struction (which range from the opaque control material through the 
translucent and transparent in all colors, whether the color is an in- 
gredient of the material or an accessory) have possibilities in the field 
of novelty lighting. Table II-ll gives a list of the various methods 
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of controlling color and the range as well as the reliability and econ- 
omy of each method. 

Sources of light may be the natural-colored, clear, or frosted in- 
candescent lamp, but in this special color field, the economy and 

TABLE III-llA” 

Approximate Widths of Images Projected by Lantern Slide Projectors * 
OF Various Focal Lengths and at Various Distances 



• Sire of slide and opening 2 ^i in. high by 3 in, wide. 


TABLE 

Approximate Diameter of Images Projected by Sciopticons with Special 
Wide-Angle Lenses at Various Distances 


Focal 

Length 

Projection Distance — Feet 

10 

15 

20 

25 

30 

35 

40 

45 

50 


Picture Width — Feet 

4 " 

24 

48 


j 

j 






6-^ 

18 

32 

44 

56 






8" 

12 

18 

23 

28 

33 

38 

43 

48 

53 

10 

8 

12 

16 

20 

24 

28 

32 

36 

40 

12'^ 

6 

1 

10 

13 

17 

21 

24 

27 

30 i 

34 


Effective diameter of opening: 5 in. 


efficiency of the fluorescent lamps is superior to other methods of 
obtaining colored light directly from the source. The light source 
may be placed into various types of floodlights and spots, coffers, 
luminous elements, and projectors. Table III-ll gives information on 
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the expected size of surface covered by projectors and sciopticons 
having objectives of various local lengths. 


TABLE IV-11" 


Wattage Estimating Chart por Theaitir Illumination* 


Applications 

Theater 

Seating 

Capacity 

Recom- 

mended 

Foot- 

Candles 

Required Watts per Square Foot 

Small 

Exposed 

Lamps 

Luminous 

Elements 

Indirect 

Lighting 

Down- 

lighting 

Under 

2500 or more 

100 up 

40-50 

40-50 


25-35 

Marquee 

1200 to 2500 

50-100 

20-40 

20-40 

IaCss effec" 

12-26 


700 to 1200 

30-50 

12-20 

12-20 

tive for 

10-15 


300 to 700 

30 " 

10-15 

10-15 

outdoor use 

8-11 

JLobby t 

2500 or more 

20 

8-11 

7-9 

10-20 

6-8 


1200 to 2500 

15 

5-7 

5-7 

8-16 

3-4 


700 to 1200 

10 

3-6 

4-6 

5-10 

2-3 


300 to 700 

10 

3-5 

3-5 

5-10 

2-3 

Foyer 

2500 or more 

5 

4-6 

3-5 

6-12 

3-4 


1200 to 2500 

5 

4-5 

3-4 

5-10 

3-4 


700 to 1200 

3 

3-4 

2-3 

4-8 

2-3 


300 to 700 

3 

3-4 

2-3 

4-8 

2-3 

Rest Rooms 

2500 or more 

10 


4-6 

6-12 

3-5 


1200 to 2500 

5 

Likely to be 

3-5 

4-8 

2-3 


700 to 1200 

6 

glaring 

3-4 

4-8 

2-3 


300 to 700 

5 


3-4 

4-8 

2-3 

lASvatories 

2500 or more 

! 

4-6 

4-6 

6-12 

3-4 


! 1200 to 2500 

10 

3-4 

1 3-4 

4-8 

2-3 


700 to 1200 

10 

3-4 

3-4 

4-8 

2-3 


300 to 700 

10 

3-4 

3-4 

4-8 

2-3 

Passageways 

2500 or more 

2 


0.4-0. 6 

0.6-1 2 

0 3-0.5 


1200 to 2500 

2 

Likely to be 

0 4-0.6 

0 6-1.2 

0.3-0 5 


700 to 1200 

1 

glaring 

0 2-0.4 

0.4-0 8 

0.2-0. 3 


300 to 700 

1 


0.2-0. 4 

0. 4-0.8 

0.2-0. 3 

Auditorium 

2500 or more 

1 


1-1.5 

2-4 

0.5-1 

Standee 

1200 to 2500 

1 

Likely to be 

1-1.5 

2-4 

0.5-1 

Spaces 

700 to 1200 

1 

glaring 

1-1.5 

2-4 

0.5-1 


300 to 700 

1 


1-1.5 

2-4 

0.5-1 

Intermission 

2500 or more 

5 

2-3 

2-3 

3-6 

2-3 


1200 to 2500 

6 

2-3 

2-3 

34J 

2-3 


700 to 1200 

5 

2-3 

2-3 

4-8 

2-3 


300 to 700 

5 

3-4 

3-4 

4-8 

2-3 

During 

2500 or more 

0. 1-0.2 

Varies, depending upon type of light- 


Pictures 

1200 to 2500 

0. 1-0.2 

ing and especially color used. With 

Dim inter- 


700 to 1200 

0. 1-0.2 

three colors 

use wattage for each 

mission 


300 to 700 

0. 1-0.2 

circuit corresponding to requirements 
for intermissik>n. 

downlights 


* Above data baaed on averaM efficiencies of lamp and equipment in usual sixes of room and 
finishes of ceiling and sidewalls; the additional wattage necessary to provide colors and tints as 
generally used in the. various parts of the theater are taken into consideration. 

t For advertising effectiveness, posters require approximately 10 times the illumination of sur- 
roundings. 


In construction, special steel forms may be used for permanent 
installations; standard lumber may be used for those that are tem- 
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porary. In temporary installations, the surfaces may be of building 
papers or cardboard of various thicknesses rather than plaster. Vari- 
ous forms of construction board are easily shaped and mounted for 
cutout designs. In place of expensive translucent glasses, tracing 
paper, tracing cloth, Celloglass, cheesecloth, and treated muslin may 
be used. Liberal treatments of various colored paints where white 
light is to be Uvsed and good white paints with high reflection factors 
where color is to be used are highly important in good design. Painted 
surfaces can be treated with clear sands, broken and crushed glass, and 
ground metallic materials in order to produce glitter and sparkle. 

Manufacturers of glass have developed many fluted, ribbed, and 
configurated patterns adaptable or specially designed for novelty light- 
ing effects. Also, glass block takes a prominent position in this field. 

Because the theater represents the whole of the desirable levels of 
lighting for attraction, advertisement, and novelty. Table IV-^ll is 
given as a suggestion to guide the designer in the selection of illumina- 
tion and wiring capacities for this special type of service. This table 
is only suggestive, for all the designs should, in the end, be governed 
by the principles set forth in the previous chapters governing general, 
luminous element, and floodlighting design. 
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CHAPTER 12* 


MAINTENANCE AND ECONOMICS ~ AUTOMATIC CONTROL 

The technical details of the design of a lighting system for recrea- 
tion or labor are only a partial solution of the problem of satisfactory 
lighting operation, and installation of the system is only the beginning, 
for numerous factors contribute toward its rapid depreciation. The 
mo«t important of these factors are the blackening of the lamp, the 
accumulation of dirt and dust upon lamps and equipment, and dis- 
coloration and fading of paint or other finish in the room. In the 
original design, provision must be made to clean the equipment, and 
any design should carry with it a schedule of adequate maintenance. 
The attention needed to keep the lighting system as near as possible 
to its original efficiency passes out of the hands of the designer when 
occupancy begins and the building management assumes the responsi- 
bility. In every instance a number of designs should be considered 
from an economic point of view and the best chosen. 

There is also an economic consideration in every lighting installa- 
tion, for the system should deliver the maximum lumens possible for 
the minimum original investment and the lowest operating cost. This 
last statement is made upon the assumption that the system is de- 
signed to supply light which is comfortable and adequate for perform- 
ing the specific visual task. 

1. Maintenance of Illumination. Systems which are adequate 
when first installed will rapidly depreciate if not properly maintained. 
This is equally true for natural or artificial lighting. Maintenance is 
not a thing which should be entrusted to the average caretaker without 
proper supervision; it should be based upon a regular and systematic 
schedule and should include a system of reports and checks. When 
the illumination in an installation (as checked with a foot-candle 
meter) decreases to 75 per cent of its ^initial value, the equipment 
should be cleaned and, if economical, a group replacement of lamps 
should be made at that time. 

The maintenance schedule should include paint washing and re- 
newing. The more the ceiling and side walls act as reflectors the more 

* Sample eolutions given are baaed on current data at time of aolution. Since aooree lumen 
output 18 idwaya changing, the examples ahow methods and not apeoific, applicable reaulta. 
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necessary it is to pay particular attention to these surfaces. The 
period between the servicing of the lighting system and the room 
surfaces depends upon the nature of the surrounding work. In very 


TABLE 1-12 

Maintenance of Illumination * 


Operation 

Per Cent of 
Final Illumination 

Per Cent 
Gain 

Illumination as found 

49 

12 

Repainting 

61 

20 

Lamps and reflectors cleaned 

81 

19 

New lamps and proper voltage 

100 


Total gain in illumination 

51% 


♦ A plant where conditions were unfavorable for maintenance. 

TABLE IM2« 

Maintenance and Replacement Study * 



Room A 
Foot-Candles 

Room B 
Foot-Candles 

Cost per Room 
Dollars 

Original 

Maximum 

2.S 

3.6 



Minimum 

0.9 

0.5 



Average 

1.2 

1.5 


New lamps 

Maximum 

2.8 

2.9 

3.00 


Minimum 

1.6 

1.0 



Average 

2.2 

2.3 


Gain, per cent 


83 

53 


Paint 

Maximum 

4.0 

4.5 

48.43 

New lamps 

Minimum 

2.0 

2.3 

3.00 


Average 

3.4 

3.4 

51,43 

Gain, per cent 


55 

48 


Paint 

Maximum 

5.8 

6.3 

48.43 

New lamps 

Minimum 

2.5 

2.8 

3.00 

New fixture 

Average 

4.3 

4.8 

8.10 

Gain, per cent 


26 

41 

59.53 

Foot-candles gained, per cent 

258 



Ratio maximum 

to minimum — initial 

2.78 

7.00 


Ratio maximum 

to minimum — final 

2.32 

2.25 



* Clean conditions. 


clean surroundings, it is possible to lengthen the periods considerably, 
whereas under very dirty conditions, it may be necessary to wipe the 
equipment every day or two and wash it at least once a week if il- 
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lumination Is to be maintained at 75 per cent of initial levels. A well- 
designed system, which has been considered according to the needs of 
the task, deserves this additional attention. Table I“12 lists the bene- 
fits gained by proper maintenance of the illumination. Table 11-12 

TABLE III-12A 


Illumination Increases Obtained by Removing Various Kinds op Dirt 
FROM Lamps Selected prom Actual Service Conditions 


Watts 

Kind of Dirt on Lamp 

Be- 

fore 

Clean- 

ing 

(Foot- 

Can- 

dles) 

After 

Wip- 

ing 

(Foot- 

Can- 

dles) 

Per 

Cent 

In- 

crease 

in 

Illumi- 

nation 

After 

Wash- 

ing 

(Foot- 

Can- 

dles) 

Per 

Cent 

In- 

crease 

in 

Illumi- 

nation 

200 

Dry machine shop dirt 

14.0 

23 0 

64 

23.0 

64 

200 1 

Dry machine shop dirt 

5.5 

16 0 

191 

16.0 

191 

75 

Smoke and dust 

8.0 

11 0 

38 

11.0 

38 

40 

Smoke and dust 

4.5 

8 5 

89 

8.5 

89 

40 

Acid fumes 

7.0 

11 0 

57 

11.0 

57 

200 

Fly specks and office dirt 

11 5 

14 0 

22 

16 0 

39 

100 

Rosin vapor 

2.75 

3 75 

36 

3.75 

36 

50 

Linseed oil 

1.75 

2 75 

57 

2.75 

57 

150 

Coke, lamp black, graphite 







dust 

8.0 

17.0 

112 

17.0 

112 

40 

Dust and vapor from lamp 







black manufacture 

2.75 

4 5 

64 

4.5 

64 

40 

Dust and vapor from lamp 







black manufacture 

2.0 

3.75 

87 

3 75 

87 

100 

Coke dust 

2 75 

6 5 

136 

6 5 

136 

25 

Oily dirt from lathes 

1.5 

2.75 

83 

5.0 

234 

25 

Oily dirt from lathes 

2.2 

4.5 

104 

5 5 

150 

100 

Asphaltum vapors 

8 5 

11.0 

29 

11.0 

29 

100 

Gum vapors 

5.5 

8.0 

45 

10.0 

82 

40 

Paint 

3.6 

5 5 

39 

8.0* 

122 

60 

Dry gypsum dust 

8 0 

10.0 

25 

10 0 

25 

60 

Dry gypsum dust 

11.0 

14.0 

27 

14.0 

27 


Averages 



68.6 


86.3 


* Organic solvent used in cleaning this lamp. 


illustrat/cs clean conditions in contrast to the dirty conditions listed in 
Table 1-12. 

2. Luminaire Depreciation Caused by Dust and Dirt.^ Several 
studies have been made to determine the actual eff(»ct of dirt and dust 
upon the luminaire. The resu'^^s of an early investigation (1922) by a 
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committee are tabulated in Table 111-12. At that time it was found 
that 60 per cent of the users did not clean lamps, 33 per cent cleaned 
them at infrequent intervals, and only 7 per cent cleaned them at 
re^^ular intervals. By merely wiping the lamps, a 68,6 per cent of 
light increase was noted, and washing gave an increase of 86.3 per 


TABLE III-12B 


Classification of Dirt on Lamps 

Average Per 
Cent Increase 
in Illumination 
after Wiping 

Average Per 
Cent Increase 
in Illumination 
after Washing 

1. Dust and dry dirt 

77.7 

78.4 

II. Oily dirt 

84.7 

147.0 

III. Paints, tars, and pitches 

IV. Acid fumes * 

37.2 

67.2 

V. All lamps 

68.6 

86.3 


* Bulbs were badly attacked by HF and bases badly corroded by HCl and HNOi; therefore, 
candlepower measurements were not included. 


TABLE IV-12 2 

Relative Depreciation in Four Locations 


Luminaire 


Relative Depreciation 
Location 



A 

B 


D 

Deep steel bowl — open reflector, clear lamp 

100 


31 

138 

Diffusing globe, no vent in bottom 

100 

114 

28 

200 

Dense semi-indirect opal bowl, open 

100 

226 

70 

218 

Average 

100 

170 

43 

185 


• u Factory warehouse adjoining a room for lamp manufacture. Washed air fur- 

nished for part of the factory. Dust dry, fine, and powdery. Space steam-heated, windows part 
open. 

Location B. Top floor of a 12-8tory office building. More oily, sooty dust here than at A, 
Location C. Fairly clean office building in suburban district. 

Location D. Furnace and blowing room of a glass factory. Hot, dry, and dusty. 


cent, based on initial lighting as found before cleaning. These data 
are based on lamp cleaning alone, not on luminaire cleaning. 

In 1924 E. A. Anderson and J. M, Ketch ^ made an extensive 
study of luminaire depreciation resulting from the accumulation of 
dirt and dust. The paper presented gives much detailed information 
concerning specific types of equipment, some of which have become 
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obsolete; but from those given the effect can be projected to present- 
day equipment. Table IV-12 gives the relative depreciation of equip- 
ment at. four locations. The experiments show that bottom venting 
of the equipment, increases its depreciation. It can be easily shown 
by theoretical considerations that dust and dirt on the inner surface 
of glassware will lower the efficiency more rapidly than the same 
amount of dirt on the outside. The rate of loss by actual tests showed 
a doubling of depreciation for enclosing globes and a trebling of the 
depreciation for semi-indirect lighting equipment where dirt and dust 
could accumulate on the inside. The table shows the necessity of a 
cleaning schedule for every installation. It is not possible to detect 
this necessity by the eye alone, 

3. Group Lamp Replacement.^ ^ Where, it is easy to reach the 
lighting eqii’pment, and relamping during business or working hours 



Per Cent of Rafeof L/fe 

Fia. Mortality and depreciation curves for incandescent lamps. 

does not interfere, lamps are usually replaced as they burn out. Fre- 
quently lamps that have burned out during the day are replaced at 
night when the establishment is closed. There is another method of 
replacement (called group replacement) by which all the lamps are 
renewed at one time after a predetermined period of lamp burning. 

The failure of lamps in service follows the law of probability as 
shown by the curve in Figure 1-12. The ideal condition would be to 
have each lamp last 100 per cent of its expected life; group replace- 
ment would then be the only method to use in replacing lamps, for 
just before the time for all lamps to burn out, they would be renewed. 
In actual life distribution, however, if a replacement is made at 60 
per cent of the life of the lamp, it would be expected that only 6 per 
cent would be burned out, but if the replacement is made at 80 per 
cent of the lamp life, it would be expected that 16 per cent of the 
lamps would be out of service. 
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The answer as to where group replacement is desirable is a question 
of the economics of the situation. If the lamp cost is high and re- 
placement cost low it is not feasible to replace lamps. In places where 
lamps are very difficult to reach and special equipment is needed or 
scaffolds must be erected, thereby involving high labor cost, group 
replacement is desirable. Another factor that will control the group 
replacement will be the rate charged for electricity. As the lamp ages, 
it is less efficient in lumen output, and there is a corresponding increase 
in cost per lumen. Figure 2-12 shows the characteristic performance 
curves for incandescent lamps Some lamps have a lumen main- 
tenance of 85 to 90 per cent, so that their light output during the 
last 100 or 200 hr. is between 70 and 80 per cent of that of a new 
lamp. 

It is possible to consider the subjective value of a group replace- 



Fig 2-12 “ Typical performance curves for incandescent lamps 

ment rather than merely the objective economic value. A new lamp 
placed between two old lamps will cause a rather spotty effect, whereas 
group replacement achieves uniformity. Also, group replacement can 
be accomplished more safely than individual lamp replacement, for 
the staff and equipment will be prepared for the task at hand. An 
individual replacing lamps singly as they burn out will take consider- 
ably more chance with unsafe methods of reaching equipment. If 
lamps are replaced in areas where customers are likely to be present, 
it is quite possible that a damage suit might arise because of some un- 
intentional act of the workman. 

In group replacement, it is not necessary to discard all the lamps 
removed; only those which show a marked blackening should be 
thrown away, and the others should be used in areas where replace- 
ment is simple. Basement areas and store rooms are excellent places 
for using the best of the partially depreciated lamps removed during 
group replacement. 
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Street lighting systems, traffic signals, and electrical signs have 
been relamped under group relamping for many years, but the value 
of such relamping is coming to the attention of other interested groups, 
such as the supervisors of auditoriums and commercial buildings. 

4. Lamp Characteristics.^^ Figure 3-12 and Table V-12 show the 
effect that may be expected if the voltage of the lamp varies from the 
voltage for which it is designed. If the voltage is high, the life of 
the lamp decreases, and the lumen output increases, with low voltage, 
the reverse is true. With very high electrical energy cost and low 
lamp cost, it is economical to use ov^er-vohage on the lamp; but where 



Per Cerff £ff/c/er?c^ 

Fig. 3-12.'* Characteristic curves for incandescent lamps. 

the power is less expensive and the lamp costs relatively expensive, it 
is more economical to make the lamp last as long as possible. 

Lamp characteristics are established by the manufacturer, and the 
user can obtain the best possible results only from the equipment at 
hand. Since it is not uncommon to neglect this part of the installa- 
tion design, it can be safely said that more saving can be made by 
watching this than by buying paints and fixtures which are supposed 
to add some small per cent of efficiency to the lighting system at a 
correspondingly high cost. 

Why does the manufacturer set the life of a lamp at 1000 hr. (this 
is normal for the common types of lamps) rather than at some value 
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such as 3000 hr.? The following example may aid in answering this 
question: 

Example a.® Compare the operating cost of a 60~w. lamp designed for 
1000 hr. of burning with the cost of a hypothetical lamp that will burn 3000 
hr. giving the same light output. 

A lamp which will burn 3000 hr. will operate at a 15% reduced efficiency, 
and to produce the same amount of light its wattage must increase 17.7%. 

TABLE V-12® 

The Effect of Voltage Upon Lamp Performance 


Socket Voltage 
in % of Rated 
Lamp Voltage 

i 

Watts Consumed 
in % of Rated 
Watts 

Lumens of 
Light in % 
of Normal 

Lamp Cost per 
1000 Hr. in 
% of Normal 

Cost of Light 
(Lumen-Hours) 
in % of Normal 

90 

85 

70 

24 

113.9 

92 

88 

75.5 

33 

110.4 

94 

91 

81 

44 

107.5 

95 

92.5 

84 

50 

105.9 

96 

94 

87 

59 

104.7 

98 

97 

93 

77 

102.3 

100 

100 

100 

100 

100.0 

102 

103 

107 

130 

98.4 

104 

106.5 

114 

168 

97.6 

105 

108 

118 

191 

97.4 

106 

109.5 

122 

215 

97.1 

108 

113 

129 

278 

98.4 

no 

117 

136 

350 

100.5 


* Applies only to 200-w., 115-v. lamps at a list price of 35 cents and energy at 2H cents 
pea kw-hr. For other lamps and other energy rates the costs would be slightly dinerent. 


A lamp would have to be rated at 70.6 w. to produce the same amount of 
light as a 60-w., 1000-hr. lamp. 

Assuming that it will cost the same to make both lamps: 


70.6 w., 3000-hr. lamp: 

Lamp cost $ 0.15 

70.6 w. for 3000-hr. at 4.7 cents per kw-hr. 9.95 

1 ^ 

60-w. 1000-hr. lamp 

Lamp cost (3 1000-hr. lamps) S0.45 

60 w. for 3000 hr. at 4.7 cents per kw-hr. 8.46 

8.91 

Economy with standard lamp $1.19 


The cost of the lamp proper is a small part of the light cost, being 
generally less than 10 per cent of the total cost* The energy con- 
sumption of the lamp is the principal cost and represents approxi- 
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mately 90 per cent of the light cost. Figure 4-12 shows the gain in 
efficiency that has been made in the manufactured incandescent lamp. 
Table VI-12 gives a comparative cost of light since 1800, and this 
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Fig. 4-12.®. Improvement and sales of incandescent lamps. 


table gives evidence of the possibility and economy of using much 
more light now both for pleasure and for necessary tasks. (A million 
lumen hours represents approximately the light output for the life of 
a 100-w. lamp at an output rated at 70 per cent of its life.) 
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Lamps are built for various voltages, and the correct voltage lamp 
should be used. Figure 5-12 shows the trend toward a standardizing 

of voltage at 120 v., and with 
the voltage regulation equip- 
ment now available, this would 
remove one of the greatest 
obstacles to the use of lamps 
at correct voltage. That volt- 
age is of interest in the opera- 
tion of the incandescent lamp 
will be seen by another exam- 
ple for demonstration purposes: 



mo 


Fig. 5-12 


1925 


mo 

yoo/r 


/935 !04O 


Per cent of population served by 
various voltages 


Example A 200-w., 115-v., 
lamp is burned at 5% under volt- 
age (approximately 109 v.). De- 
termine the increased cost of light 
during 1000 hr. under these con- 
ditions, with current costing 2.5 
cents per kilowatt-hour. 

The 200-w. lamp costs 35 cents, is rated at 750 hr., and has 3640 1. as 
the initial output. 

Under normal voltage: 

200 


1000 


X 1000 X 10.025 


Lamp cost X $0.35 
7oU 


=%$5.00 for power 


- 0.47 


5.47 


At 5% under-voltage: 

200 X 0.925 
1000 

Lamp cost 


X 1000 X $0,025 = $4.63 for power 


$0.47 X 0.50 


= 0^ 

4.86 

(0.925 and 0.5 taken from Table V-12.) 

Less light has been obtained at the lower voltage in ratio of 1.00 to 0.84; 
therefore, the actual cost for equal light will be: 

1.00 


0.84 


X $4.86 « $5.79 


This is a loss of 32 cents, which represents 6% of the cost of the light. 
It is seldom that this much could be gained by the purchase of a more effi- 
cient type of luminaire than that normally offered on the market. 


In lighting as in other forms of economics, too often all the atten- 
tion is directed toward that which seems phenomenal in results, and 
the more positive methods pf gain are ignored. 
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6. Efficient Light Production.^ This article is not presented with 
the intention of encouraging computation of a complex problem, but 
to establish firmly the factors that go into economic considerations in 
producing light. Material is available in publications for specific uses, 
but care must be taken that the tables are up to date, for changes in 
lamp cost and efficiency will change the values. 

The cost per unit of light may be considered as being influenced 
by two elements: the cost of energy and the* cost of renewals. The 
two elements may be subdivided into two parts: a fixed and a vari- 

TABLE VI-12 « 

Comparative Cost of Lighting 


Light Source 

Date 

Cost per 
Million 
Lumen-Hours 

Tallow candle 

1800 

$500.00 

Sperm oil lamp 

1850 

100.00 

Kerosene lamp 

1870 

75.00 

Gas flame 

1880 

40 00 

Carbon incandescent lamp 

1900 

35.00 

60-w. incandescent lamp 

1907 

15.00 

60-w. incandescent lamp 

1937 

3.75 


Average Cost Figures for 1938 


Wax candle 

$400.00 

Kerosene lamp 

13.50 

Carbon lamp 

17.60 

60-w. lamp (incandescent) 

3.30 

150-w. lamp (incandescent) 

2.65 

200-w. lamp (incandescent) 

2.55 


able; or either of the two elements may be fixed or variable, depend- 
ing upon the conditions to be met in the community being studied. 
Calculations are made when the variable factors are considered as 
parameters. The controlling factors may be tabulated as: 

а. Cost of energy 

б. Rate system under which energy is bought 

c. Cost of lamp 

d. Contract for securing lamps 

e. Initial efficiency of lamp 

/. Conditions under which lamps are renewed (per cent life) 
g. Variation of wattage and candlepower during life 
A. The uniformity of the lamps 
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An analysis of these items shows that the question of securing the 
most economical service from a lamp is mainly a question of the 
efficiency at which it is operated. It is assumed that there is a uni- 
form energy rate and a fixed price for the lamps. Any system of 
charging leads to this final analysis, because the company adjusts its 
rate to cover the conditions of consumption. 

Since the highest lumen efficiency for the lamp occurs when burning 
as near to incandescence as possible and since the life of the lamp 
depends upon filament evaporation, the problem evolves into that of 
the voltage at which a specific type of lamp should be operated. New 
and efficient designs in incandescent lamps specify burning the lamp 
at the highest incandescence with the least evaporation of the filament. 
Progressively, the filament has been changed, the supports reduced, 
inert gas placed within the bulb, and a coil-coil filament has been de- 
veloped which has increased lamp efficiency. 

Computations for the cost of light are based upon the unit a 
million lumen-hours (approximately the total life output of a 100-w. 
lamp).^ 

U = unit cost of light per million lumen-hours 

E « average lumens per watt through life 

P « net cost of lamp throughout life (including delivery) 

W » average watts consumed by lamp throughout life 
L = average lamp life in thousands of hours 
C = cost of lamps; cents per kw-hr. (P/WL) 

R * cost of lighting energy; cents per kw-hr. 

Unit cost of light (dollars per million lumen-hours), 

U-^(C + R) 

In order to use this formula intelligently, one should have considerable 
information concerning the lamp. The lamp manufacturer can and 
will furnish information based on many tests that must be made to 
maintain the quality of the lamp. To determine these values by pri- 
vate investigation requires special technique and an outlay of money 
which is seldom justifiable. The purchase of the lamp is evidence of 
confidence in the manufactured product. 

The solution of a typical problem will show the value of the equa- 
tion in the determination of unit costs. 

Example c.* A customer wishes to know which is the more economical 
lamp to bum; a 110-, 116-, or 120-v. lamp on a 115-v. system. The energy 
rate is 2.17 cents per kw-hr. and the cost of a 200-w. lamp — the one to be 
used — is 30 cents. 
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110-v. Lamp 

115-v. 

Lamp 

120-v. Lamp 


At no 

At 115 

At 115 

At 115 

At 120 

Average watts (IF) 

195.2 

209.1 

195.2 

182.8 

195.2 

Average lumens per watt (E) 

16.97 

18.30 

16.84 

15.48 

16.70 

Average life (L) in thousands 






of hours 

j 

0.75 

0.42 

0.75 

1.34 

0.75 

Cost of one lamp in cents (P) 


.30 

.30 

.30 


Kw-hr. consumed per lamp 






(WL) 


87.8 i 

146.4 

245.2 


Cost of lamp, cents per kw- 






hr. (C) 


0.34 

0.20 

0.12 


Energy cost, cents per kw-hr. 





(R) 


2.17 

2.17 

2.17 


Then C + R 


2.51 

2.37 

2.29 


Cost per million lumen-hours 






(U) 


$1.37 

$1.41 

$1.48 



Under these conditions, the customer would obtain about 3% more light 
for his money by using 110-v. lamps on the 115-v. system, and if 120-v. lamps 
were used, the cost of light would be 8% more than with the 110-v. lamps. 
The lamps would last longer and leave the impression of a saving, but actu- 
ally the cost would be greater. 

The problem shows the advantage of deviating from the voltage 
marked on the lamp under a specific condition in which the power cost 
is relatively low, but any departure from rated voltage must be backed 
with evidence such as the table in the example shows. This case is 
typical, for voltage is delivered to the customer by the service com- 
pany at some specified value which must fall within certain limits, 
usually set by legislation. 

A poor lamp may be expensive because of the loss encountered in 
its use, and conditions of operation may be such that considerable 
breakage takes place. It is of more importer ce if lamps of long life 
are used, because the number of lamp-hours lost when a lamp is 
broken increases as the average life of the lamp increases. Though 
this factor may not enter into the general problem, it is necessary not 
to lose sight of the fact that it may be of great importance in an in- 
ferior lamp that fails because of poor construction or internal breakage 
early in its life. 
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L » average life with no breakage 
Z = average breakage interval (average number of burn- 
ing hours between breakage in one socket) 

S * average life service 
S «Z(1 

Since a lamp becomes less efficient as it grows old in service, there 
comes a time when it is justifiable to take the lamp and smash it. 
This is called the smashing point (Fig. 6-12). This is the point where 
the cost of energy consumed per million lumen-hours exceeds the aver- 



Per Cf/7f l/fe 

Fig. 6-12.** Group replacement region and uneconomical regions in the use of in- 
candescent lamps. 

age cost of light produced up to that time, including both lamp and 
energy. Below is listed the legitimate smashing point for some condi- 


tions: 



Smashing Point 



Cost 

Rate 

Per Cent of 

Lamps 

Lamp 

Cents 

per Kw-hr. 

Life 

Remaining 

200 w. 

30 

2 17 

120 

10% 

200 w. 

30 

4.34 

72 

95 


If lamps are operated at 6% under-voltage 


200 w. 

30 

2.17 

80 

90 


Under- voltage burning justifies scrapping the lamps at a lower /per- 
centage of average life. 

6. Light Cost Affected by Wiring, As seen previously, the voltage 
is an important factor in illumination economics; therefore, it becomes 
of importance in the wiring design. It affects both the uniformity 
and the economy with which the lighting installation operates. Chap- 
ter 13 is devoted to the design of wiring systems which will deliver 
adequate and economical voltage to all lamps in the installation. 
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Since the energy purchased is measured at the main switchboard, the 
cost of the light is projected to that point. It would be logical to 
make the same economical study of. the wiring system as that made 
for the lamps, but there are so many variables and so much is governed 
by definite legislation for safety that the problem would be very in- 
volved. It is better to be guided by the factors established by em- 
pirical solutions. The size of the wire must be justified by the saving 
on the cost of energy. After a specific installation has been calculated, 
the allowance for future expansion is an important consideration. In 
recent years many buildings have been wired in such a manner that 
they were obsolete for lighting adequa/'y before the power was turned 
onto the circuits. This kind of installation is expensive, for it requires 
additional expense when an attempt is made to increase its capacity 
to the new requirements. 

7. Economic Consideration of Fluorescent Lamps.^* The rapid 
development of gaseous conduction lamp illumination in the last few 
years makes it desirable to consider whether or not it is cheaper to 
use the new sources, with their attending cost of special auxiliary 
equipment and higher cost of lamps, or the older forms of incandescent 
lighting. The problem of the fluorescent lamp is directly connected 
with the problem of power factor as well as with the problem of special 
and different installation. Though the load from fluorescent lamps 
has as yet not materially affected the utilities, it is necessary for them 
to make rates accordingly if the power factor of the fluorescent lamps 
is not corrected and the load becomes appreciable. As discussed in 
Chapter 6, this problem has been solved, but only at an additional 
cost to the user. 

The June, 1939, issue of the Magazine of Light has an article by 
W, C. Brown and J. C. Forbes,‘‘ which in a simple and interesting 
manner gives a typical answer to the question of how the cost of 
fluorescent lighting in itself compares with that of incandescent light- 
ing. Their solution is reproduced here and, though it is specifically 
devoted to the question above, it is a method which may be used on 
any comparative computation for two systems of lighting. From 
March, 1939, to March, 1940, the unit cost for a typical fluorescent 
installation decreased 44 per cent as compared with the 1939 figures; 
therefore a text problem of this type is limited to method, not specific 
information. Before recommending a fluorescent installation in pref- 
erence to an incandescent system a study of this type should be made. 

Example d» Compare the incandescent and fluorescent costs for a room 
40 by 60 feet with a llH-ft ceiling. The ceiling surface has a reflection factor 
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of 75% and the side wall a reflection factor of 50%. Lights will operate for 
2000 hr. a year and the illumination will be 30 ft-c. (For graphic represen- 
tation, see Fig. 7~12a.) 


Coefficient of Utilization 


Fluorescent 


Bare lamps on ceiling 

0.65 

Luminaire with metal louvers 

0.52 

Louverglas box 

0.46 

Coffers 4 by 6 ft. 

0.67 

Totally indirect Alzak trough 

0.38 

Incandescent 


Enclosing globe 

0.52 

Enclosing globes with shades 

0.54 

Coffers 

0.64 

Indirect luminaires 

0.40 


(Customer on $10,000 discount basis) 

Fluorescent 48-in., T-12, 40-w. daylight lamp 
Price per lamp $2.80; output, 1600 1.; life, 2000 hr. 
Auxiliary cost, including power factor correction, $3.50 net 


Luminaires (owning cost amortized in 6 yr.) 

First cost (wiring of unit) 100% 

Yearly cost of auxiliaries 

Interest, taxes, insurance, maintenance 10% 

Depreciation 15% 

Total yearly owning cost 25% 


Existing branch circuits and other wiring assumed to be adequate in each case. 


Computation 

Incandescent (500 w.) Fluorescent 40-w 
Enclosing with Shade Ijouvered Direct 


1. Lamps per luminaire 

2. Initial lumen output (per lamp) 

3. Utilization factor 

4. Number of Lamps 

5. Foot-candles in service 

6. Hours, life of lamp 

7. Net cost per lamp 

8. Yearly net cost of lamps 

9. Cost of luminaire proper 

10. Cost of luminaires 

11. Cost of auxiliaries 

12. Cost of sockets 

13. Cost of power factor correction 

14. Total cost of luminaires (items 10, 

11, 12, 13) 


1 

6 

10,050 

1600 

0.54 

0.52 

24 

144 

38 

35 

1000 

2000 

$ 0.87 

$ 1.88 

42.00 

270.00 

8.00 

40.00 

192.00 

960.00 


432.00 


72.00 


72.00 

192.00 

1536.00 
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16. 

Yearly cost of luminaires (25% of 





Item 14) 

48.00 


384.00 

16. 

Wattage of lamps and auxiliary 

12,000 


6642 

17. 

Annual energy cost 





at 1 cent per kw-hr. 

1 240.00 


$ 132.00 



480.00 


266.00 



720.00 


398.00 


4 << << ti 

960.00 


530.00 



1440.00 


795.00 



1920.00 


1060.00 


10 “ “ “ 

2400.00 


1325.00 

18. 

Cost per foot-candle year (items 8, 

15, 17 divided by item 5) 



at 1 cent per kw-hr. 

1 8 70 


1 22.40 


2 (( << K 

15 00 


26.20 


^ it U 

21.30 


30.10 


4 << “ « 

27.60 


33.80 


0 it it it 

40.30 


41.30 


g (( tt <4 

52.90 


49.00 


10 “ “ “ 

65.50 


56.50 

19. 

Cost per foot-candle year in per cent of filament installation. 



at 1 cent 


257% 



2 


175 



3 


141 



4 


123 



6 


102 



8 


93 



10 


86 



By using this method of computation, the information for the 
curves on Fig. 7-12 was obtained. Though each individual installa- 
tion is a problem by itself, and should be studied as such, the curves 
are indicative of what may be expected in the economic consideration 
of the new sources of light which are frequently recommended as 
highly efficient. This statement is true in comparing this unit with 
the incandescent unit, but the terms ‘‘ high efficiency and highly 
economical will not necessarily be synonymous. 

Figure 7~12a shows a comparison of the relative cost and energy 
rates for the largest (40-w., 48-in.) fluorescent lamp available and a 
600-w. incandescent lamp. It is assumed that the wiring is the same 
in both instances. In Fig. 7~12c, the comparison is on the basis of 
fluorescent cost in per cent of filament lamp cost. Six types of in- 
stallations are considered. Curves D, F, and G illustrate typical 
installations of fluorescent lamps with the lower efficiencies. Figure 
7-12& compares the high-intensity mercury-vapor light source with the 
incandescent lamp (H. W. Sharp and J. F. Parsons).® 

New curves will have to be determined for the more efficient 
fluorescent lamps that will be developed as researchers discover tlie 
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use of lamps of greater capacity. The method of computation is 
applicable to any new problems that may arise and is free from in- 
volved developments usually encountered in economic studies. This 
method should be more frequently used by the architect and illuminat- 
ing engineer when studying any installation. It need not be confined 
to a study comparing two different light sources, but may be used 
with equal success in comparing different arrangements of similar 
light sources. 


AUTOMATIC CONTROL OF LIGHTING 

Another device which ma'*^ enter into economics of illumination 
is photoelectric control of room lighting. With the higher amounts 
of illumination needed for the tasks to be performed, it is essential 
to use artificial light only when it is necessary and in those parts of 
the room which are below the required illumination. Photoelectric 
control performs the double function of guarding the worker against 
insufficient light for performing the task with the least amount of 
eyestrain, and at the same time guarding against unnecessary waste 
of electrical energy when there is no need for the artificial light. 

8. Photoelectric Control. The equipment consists of three essential 
parts: the cell proper, the amplifier (in some equipment), and the 
relay. The light, impinging upon the cell, generates electrical energy 
which is amplified to operate a relay, and this, in turn, causes the 
lights to be put in and out of operation. The current from the cell is 
proportional to the light that is present. When the room illumination 
falls below a predetermined value, the relay functions, turning on the 
light; and when the illumination is above a predetermined value, the 
relay turns off the light. 

Figure 8-12 shows two different types of control, both functioning 
upon the same principle of current generated when light falls upon a 
photoelectric cell. Because the light cell is very sensitive, the relay 
will function on changes of very short duration; this is objectionable 
at times. As an example, if there happens to be a series of clouds 
passing by, these will cause the natural light to change very rapidly 
and, therefore, change the artificial light cot’^espondingly. To reduce 
this effect, a thermal timer is added to the equipment to cause a time 
delay long enough so that the circuit will not function unless the delay 
in the dark period extends over a specified time interval. At present 
the photoelectric control of interior illumination is, for the most part, 
confined to schoolroom use, but its economic value will introduce the 
device to both industrial and commercial interests. 
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9. Installation of Photoelectric Controls. It is not possible to 
give a set of rules for the installation of the equipment, for each room 
presents an individual problem. It should be located where it uill 
receive daylight illumination on its vertical surface, changing simul- 
taneously with the illumination on the work surface. This requires 
that the cell be turned toward an unobstructed sky — the source of 
the natural light. The more sky area that it is possible to include 
with the cell surface, the more will relay functioning approach average 
light conditions. If the cell is pointed toward the open sky, when 



Fig. 8“12A Automatic light control equipment. Weston Electrical Instrument 
Corp. cell and amplifier. 


direct sunlight enters the room the shade is drawn, and if the light 
reduction is severe the lights will be turned on automatically. 

The tube or cell should not be located where the direct sunlight 
will fall upon it, and must not be so placed that the reflected light 
from the ceiling or side walls, when the artificial light is on, falls upon 
the cell. The unit should be placed high enough so that it will be out 
of walking height and out of reach. If placed where individuals can 
obscure the light falling upon the photoelectric cell, it will function 
when someone walks past. It should be high enough so that no un- 
authorized individuals can tamper with its adjustment. When several 
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positions seem equal in choice of location, the one requiring the least 
wiring should be used. 

Figure 9-12 shows some arrangements for control locations. Figure 
9~12a shows the most desirable location; that is, 5 to 8 ft. from the 



window on either the front or back wall, provided that the wall is 
not too far from the end window. If the wall is more than 3 or 4 ft. 
from the window, a better control may be obtained by mounting the 
unit on a support from the ceiling approximately the above distance 
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from the line of the end of the window. The remainder of the parts of 
Fig. 9-12 show methods of avoiding obstructions which may be found 
outside the building window, if it is necessary to place the cell across 
the room from the window and the room has much depth, it may be 
necessary to put a visor over the cell to keep it from functioning when 



(t?) 




(c) 


(cf) 


Fig. 9-12. Location of photoelectric control units, (a) Most desirable location. 
(6) Located to avoid an obstruction, (c) High ground vertical control, best condi- 
tion. (d) Avoiding obstructions in the vertical plane. 


the room lights are turned on, thereby turning them off again, a 
process which causes “chattering” of the relay and which would 
be annoying because of blinking. 

To function in a positive manner, the cell should have at least 3 
ft-c. of illumination. If more than 20 ft-c. fall upon the cell proper 
from the lighting system it will not control properly. In installing 
the automatic photoelectric control, the precautions to observe are: 
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а. Place the unit out of reach of all unauthorized individuals. 

б. Expose the cell to as much unobstructed sky as possible. 

c. Do not expose to direct sunlight. 

d. At least 3 ft-c. should be on the cell when the point is reached 
where artificial light is necessary. 

e. The illumination on the cell should increase at least 2 ft-c. as 
the work plane illumination increases approximately 5 ft-c. 

/. The cell should not receive more than 20 ft-c. of light. 

g. Care must be taken that other light sources are not controlling 
the action of the cell and that the lights controlled do not cause the 
cell to function. 

10. Controlling Several Rooms. It has heon suggested that one 
cell could control several rooms having the same sky exposure. This 
should not be done as a rule, and it is doubtful if any such installation 
will give a satisfactory operation. In addition to introducing several 
questions in economic operation, too much depends upon the opera- 
tion of the window shades in the various rooms. If this type of in- 
stallation is to be attempted, the cell should be located in the most 
unfavorable location. If the rooms are on several floors the difficulty 
is increased even more, for the lower rooms will probably suffer more 
from surroundings than the rooms on the upper floors. 

Opposed to the method of controlling several rooms with one unit 
is that of having several units in one room. This is not necessary in 
a normal room, and where tests have been made in schoolrooms, the 
cell on the light circuit located farthest from the window functioned 
so infrequently that there was not enough saving to justify its cost. 
Where there are two window exposures on opposite sides of the room 
and the rooms are very large (as in factories and drafting rooms), 
more than one cell control may be economical. 

11. niumination Controlled. The control of illumination can be 
studied from an economic standpoint, for the saving in electrical en- 
ergy, lamps, and lamp maintenance must be sufficient to justify the 
investment in auxiliary equipment and added wiring plus the replace- 
ment and maintenance which may be necessary. 

The ideal lighting system would includeft 

a. Adequate wiring 

b. Adequate and comfortable lighting 

c. Automatic light control 

each item justifying its adaptation by being proved to be economical. 
The automatic control should add to the system the following fea- 
tures: 
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a. Maximum value received from the illumination 

b. Increase in working efficiency by the correct illumination at all 
times 

c. Increasing safety and preventing fatigue 

d. Making manual attention to lighting unnecessary. 

Relays always make a noise when they operate; therefore, it is 
well to locate the relays outside the room in corridors if possible. 
The cell itself and its auxiliaries are free from noise. Most cases of 
dissatisfaction with automatically controlled installations have resulted 
from faulty installation*. Conditions are so variable that it is necessary 
for the designer to have more than a superficial knowledge of the 
problems before attempting to specify conditions of installation and 
operation. 
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CHAPTER 13 


WIRING 

As demonstrated in Chapter 12, th^ economics of illumination de- 
pends upon the voltage at which the lam^ is burned; therefore, it is 
.essential that the voltage be correct. To obtain the correct voltage 
at the lamp it is necessary to design the wiring system so that regard- 
less of the load on the system, approximately constant voltage will be 
maintained. 

It would take excessively large wires to insure a voltage with no 
appreciable variation; therefore, the loss of voltage depends upon the 
economical wire size that can be used, and this leads to an empirical 
choice of allowable voltage drop. There may be a variation as to 
what this allowance should be in various design procedures, but it 
will not be over a very wide range. The design of the wire for ade- 
quacy is only part of the problem, for the wiring must also be de- 
signed for safety, and this is governed by state and local legislation. 

It is necessary that the wiring system be adequate before adequate 
illumination for the task can be designed. Since this is true, the il- 
luminating engineer and the architect are interested in having the 
wiring properly designed. Once the building is erected and the wire 
installed, any alteration is very costly, but while the building is being 
erected, wire sizes can be increased and allowance made for future 
expansion with only a small per cent increase in cost. Wiring repre- 
sents only a very small part of construction cost. 

1. Codes and Regulation. Since electrical circuits, if not properly 
installed, are hazardous both to the building and the occupants, safety 
as well as performance must be considered. The National Electrical 
Code, which is a part of the fire insurance contract, is distributed by 
the National Board of Fire Underwriters. Inadequate inspection and 
lack of building codes which protect against fire increase fire insurance 
rates. This fact causes each community and state to pass some form 
of electrical wiring regulation which, in all instances, is as strict as 
the Code, and in many instances much more strict, setting very defi- 
nite limitations on the use of certain approved classes of construction 
material. In addition to being acquainted with the National Electrical 
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Code, it is necessary for the designer and inspector to be familiar with 
state and city requirements. 

The National Electrical Code, which is the basis for most legisla- 
tion, originates with, and is revised by, the Electrical Committee of 
the National Fire Protection Association. The main committee is 
composed of subcommittees having specialists in each field of inspec- 
tion and practice with which they are associated. The rules of this 
committee are approved by the American Standards Committee and 
the National Board of Fire Underwriters; the latter distributes the 
various revisions of the Code to the fire marshals of the states and the 
local inspectors. 

Lighting and power circuits which are designed to satisfy the re- 
quirements of the Code, and which are properly maintained, will 
never be a hazard. Fires and accidents caused by electrical circuits 


t' 

I 

I 


Seri^/ce 


Sub-f^a^er 


Par?^/ 




Smfcb Boar^ 
or Pane/ 


Branches 


Pane/ 


Fig. 1-13. The distribution system in building wiring. 


are usually caused by faulty equipment or circuits, or by improper 
maintenance of circuit protection. It is essential that the latest re- 
vision of the Code be used when specifying the requirements for an 
electrical circuit. The Code is revised approximately every two years. 

2. The System Layout. The distribution of electrical energy in a 
building starts from the service supplied by the power company. 
Figure 1-13 shows the schematic layout of the distribution system. 
The current follows 

а. the service 

б. feeder 

c. sub-feeders 

d. branches 

to the lamp or motor load. The various parts of the system are con- 
nected in panel boxes or on open panels, and except in special cases, 
the wires must be correctly fused at these points. Ea ch wire ^om es 
progressively smaller from the service to the branch . N e^^ is a 
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smaller wire place d ahe ad ( ne arer the source) of a large^ wire in an 
e lectrical installatio n . 

The location of the panels or panel boxes in the building will be 
controlled by the load center. It is desirable to place the distribution 
center as near the load center as possible, whether it is the main panel 
or some minor center. There can be no hard-and-fast rule for locating 
the distribution panels, for they cannot be placed in important busi- 
ness areas or where they are not easily and quickly accessible for fusing 
or switching. HowevcT, if consideration is given the location of the 
load center, though it may be theoretical and not practical, it will act 
as a guide for placing the distribution center in the most reasonable 
and practicable location. 

The exact location of the load center is obtained by adding the 
products of the current times the distance (from the distribution 
center to each lamp or motor) and dividing the total sum by the sum 
of the currents. The sum of the positive products plus the sum of 
the negative products must equal zero. 

Example a. Determine the load center for the load*? shown on the circuit 
in Fig. 2-13a. 

If the load center is assumed to be at the 10-amp load on the left, the 
product of amperes and distance will be: 

10 X 0 - 0 

40 X 50 = 2,000 
20 X 150 = 3,000 
10 X 190 = 1,900 
10 X 250 = 2,500 
_20X 275 = 5,500 
110 14,900 

The load center will be: 

^ 135.455 ft. from the distribution panel 

To check this result, the load center as calculated (135.455) is used; the 
product of amperes and distance will be: 

10 X 135.455 = 1354.55 20 X 14.545 = 290.91 

40 X 85.455 = 3418.18 10 X 54.545 = 545.45 

10 X4 14.545 = 1145.45 

20 X 139.545 = 2790.91 

Negative 4772.73 Positive 4772.72 

This actual load center location is shown in the second illustration of Fig. 
2-13a. 

The concept of load centers can be extended to include a complete 
layout for locating the ideal place to put the feeder distribution panel. 






Fig, 2-13. The determination of load centers, (a) An analysis for a load center. 
(b) Load centers used for determining distribution centers, (c) Load center for a 

feeder. 
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This method of layout analysis, however, must not be used in an 
arbitrary fashion but with judgment. Figure 2-136 shows the prob- 
able location of a distribution panel in a simple layout. 

One of the most important uses of the load center is that of sim- 
plifying the determination of voltage drop in the wiring system. In- 
stead of calculating the voltage lost to each individual load on the 
circuit, the load can be assumed to be concentrated at the load center, 
and the resultant voltage drop calculated to this point will be the 
greatest expected voltage loss on the system. Figure 2- 13c shows a 
circuit diagram for a feeder which supplies three motors; the demon- 
stration problem shows how <o determine ihe concentrated load and 
the load center. 

Example 6. Determine the current and load center for a 230-v. d-c. 
feeder which supplies three motors of 10, 30, and 60 h.p. located 50, 75, and 
125 ft., respectively, from the supply panel. 

(See Table III-13 ) 


HP. 

Current 

Distance 

Feet 

Dxl 

Load Center » 

37025 

- 102 ft. 
363 

10 

38 

50 

1,900 


30 

110 

75 

8,250 

Load Current 

363 amp. 

60 

215 

125 

26,875 




363 


37,025 




As shown, the load center lies in the center of the distance-current 
characteristic of the distribution. To reduce the voltage drop, it is 
best to locate the distribution centers at this point. It is also effica- 
cious, in designing the risers or laterals for the wiring system, to ob- 
serve this same rule so that the greatest advantage may be taken in 
equalizing voltage losses. Figures 3-13a to 3-13d show various meth- 
ods of locating the panels on the feeders to distribute the load from a 
riser system. Figure 3-13a shows a desirable system which is expen- 
sive, but is used where the load on each floor or at each point justifies 
an independent feeder. The other systems are marked according to 
desirability, and the one shown in Fig. 3-13c is the one used in the 
average construction and design. Figure 3-^3/ shows the same prin- 
ciple applied to lateral runs in a large building. 

It is impossible to say that any one system should be used every 
time, or that any one system should never be used, for this depends 
upon the circumstances controlling the plans for the installation. 
Careful study must be made of the building plans and the probable 
load center to determine the best locations for distribution panels. 
The final design will be governed by best maintenance and operation 
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location in conjunction with the least voltage drop. The determina- 
tion of the voltage drop will be discussed later. 


3. Systems of Distribution. It is possible to distribute electrical 
energy by various systems, classified as: 




(^) (c) (c/) (e) 

R/ser D/sfr/Jbuf/or? 




Lafera/ Distr/buf/on 

Fig. 3-13. Riser and lateral distribution, (a) Expensive. (6) Ideal, (c) Usual, 
(d) Undesirable, (c) Bad. (/) Lateral. 

а. Two-wire distribution 

б. Three-wire distribution 

c. Three-phase, three-wire distribution 

d. Three-phase, four-wire distribution 

e. Two-phase distribution 
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Twchwire distribution may be used either for alternating or direct 
current. The a-c. system will be single phase. This distribution is 
used for the ordinary branch circuit in lighting installations, for small 
motors in a-c. systems, and for all d-c. motors. Since this type of 


Motor 


(a)-S'-yv/re 


Motor 


(b)-' 3-w/re 


Motor 


(ch 3‘phase, 3'‘W/r^ 


Motor 


(c/h 3pt?as€>, 4~^y/re 

Fig. 4 - 13 . Different types of distribution systems, (a) and (b) for direct current and 
singe-phase alternating current; (c) and (d) for thr^^hase alternating current. 

wiring is used for minor distribution, it is by far the most extensive in 
the whole system but is of correspondingly smaller wire size in most 
instances. 

Thre&mre distribution is either d-c. or single-phase alternating 
current. The voltage between the outside wires is twice the voltage 
from either outside wire to the neutral. The load is equally divided 
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(in the design) between the neutral and the two outside wires. The 
advantage of this system lies in the saving of copper, and it is used 
for lighting feeders and for branch circuits to large appliances. In 
some installations motors are operated on the two outside wires and 
the lighting is operated from the neutral to the outside wires. 

Three-phase^ three-wire distribution is an a-c. system and is primarily 
used for power distribution. It has been used for lighting feeders, but 
it must show definite economic savings and a well-balanced lighting 
load before it can be justified. For motors, it is used both for the 
feeder and the branch circuit, since three wires are essential for the 


TABLE 1-13 

Copper Requirements for System^ of Distribution 


System 

Voltages 

Copper for 
Constant 
Voltage Drop • 

Copper for 
Constant 
Loadt 

2-wire a-c. and d-c. 

100% 

100% 

100% 

3-wire a-c. and d-c. 

100-200% 

37.5% 

75% 

S-phase 3-wire 

100% 

75% 

87% 

3-phase 4-wire 

100-173% 

33.3% 

67% 

2-pha8e 4-wire 

100% 

100% 

100% 

2-phase 3-wire (Neutral 141% of out- 
side wire) 

100-141% 

73% 

85% 


* Constant voltage drop, load, and voltage — adequate and safe, 
t Constant load and voltage — only short runs — safe. 


three-phase motor. Single-phase power may be obtained from any 
one of the three phases of the three-phase, three-wire distribution. 

Three-phase, jour-wire distribution is the latest innovation in the 
distribution of power in a modern building, combining the lighting 
and power load on one distribution system. The power is delivered 
over the three-phase system at 208 v., and the lighting is obtained 
between either of the three-phase lines and the neutral at 120 v. The 
lighting load should be well balanced and should represent approxi- 
mately 90 per cent of the total load. The four-wire system is used 
for feeders. Though there are definite advantages in the four-wire 
system for secondary distribution of the utilities, most of these ad- 
vantages disappear when it is applied to buildings. There are meter- 
ing problems, li^t flicker caused by motor starting, and balancing of 
lighting loads — all of which make doubtful the economic gains. If a 
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building is an addition to a group of buildings using other than 120 v. 
lighting distribution and is serviced by the same maintenance service, 
there is the probability of lamping both systems with lamps designed 
for another voltage. Having to stock lamps of different voltages may in 
itself cause more expense than is gained by this more complicated system. 

Figure 4-13 shows, in simple diagrams, the various systems, and 
Table 1-13 shows the relative economic considerations for the various 


TABLE 11-13 
Calculation of Current 


2-wire d-c. 

— * current 
volts 

3-wire d-c. 

watts 

, , , , «= current 

highest voltage 

2-wire 1 (f) a-c. 

watts 

— ^ » current 

volts X power factor 

3-wire 1 <t> a-c. 

watts 

, . , , “ current 

highest voltage x power factor 

3-wire 3^ a-c. 

watts 

. 1 » current 

1.73 X volts X power factor 

4-wire 3 0 a-c. 
balanced 

watts 

«... ^ « current 

1.73 X volts X power factor 

4-wire 20 a-c. 

watts 

^ - current 

2 X volts X power factor 


Outside Wire 

3-wire 2 0 a-c. 

watts 

current 

2 X volts X power factor 


Common Wire 


watts ^ ^ ^ 

1 X 1.41 » current 

2 X volts X power factor 


Note: 746 watts - 1 h.p. 

efficiency 


types of systems considered from the standpoint of safety and ade- 
quacy. The two-phase system is now obsolete and although it may 
be encountered, its installation should be discouraged even though the 
supply happens to be two-phase. It is possible to convert any two- 
phase system to a three-phase system by using a static device called 
a Scott transformer, and when later a three-phase system is installed 
(which is always a possibility), the building distribution is ready for a 
direct connection. 



382 


WIRING 


4 . System Currents. Usually the equipment current is given in 
the catalog or may be determined from tables. The current for in- 
dividual equipment, considered in proper relationship, determines the 
current for the system. It is necessary to determine the current for 
the individual loads first. These are then combined for the branch 


TABLE 111-13^1 

Full-Load Motor Currents f — D-C. Motors — Amperes 


H . p . 

116 V. 

230 V. 

550 V. 

H 

4.6 

2.3 



6.6 

3.3 

1.4 

1 

8.4 

4.2 

1.7 


12.5 

6.3 

2.6 

2 

16.1 

8.3 

3.4 

3 

23.0 

12.3 

5.0 

5 

40 

19.8 

8.2 

7 H 

58 

28.7 

12.0 

10 

76 

38 

16.0 

16 

112 

66 

23.0 

20 

140 

74 

30 

26 

185 

92 

38 

30 

220 

110 

45 

40 

294 

146 

61 

60 

364 

180 

75 

60 

436 

216 

90 

76 

540 

268 

111 

100 


357 

146 

126 


443 

184 

160 



220 

200 



296 


* National Electrical Code, 1940. 

t Theee values of fuU^load current are average for all speeds. 


circuit; the branch circuit currents are combined to determine the 
sub-feeder currents, and these in turn are combined to determine the 
feeder current. The proper summation of the feeder currents deter- 
mines the Mze of the service and service equipment. 

In d-c. systenas the current is determined from the power rating 
abd the voltage, and in the a-c. system it is necessary to conmder the 
power factor as well. If the system is three-phase, it is necessary to 
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introduce a constant (1.73) as well. Table II~13 gives a series of ex- 
pressions which may be used in determining the current demanded 
by any electrical device or machine. Tables III~13 to VI~13, inclu- 
sive, give the current required by d-c. and a-c. motors of various types 
and sizes. These tables cover the usual commercial sizes. Table 
VII~13 gives the power factors for motors and devices usually en- 
countered in building wiring systems. Computation for the amount 
of current required by any part of the system is comparatively easy. 

Example c. Determine the current required for six 300-w. incandescent 
lamps operating on a 110-v. system. 


TABLE IV-13»* 


Singlb-Phasb A-C. Motors — Amperes 



For fuIMoad currents of 208- and 200-v motors increase corresponding 220-v. motor full-load 
current by 6 and 10%, respectively. 

* National Electrical Code, 1940. 


Since the power factor for incandescent lamps is unity (Table VII~13), 
the computation for alternating current or direct current will be the same. 


6X300 

110 


* 16.4 amp. 


Example d. Determine the current required f6r 5 500-w., 115-v. mercury 
vapor lamps (old style). 

The power factor for these mercury vapor lamps will be 85% (Table 
VII-13). 


5X500 
115 X 0.85 


25.6 amp. 


If loads on d-c. systems are to be combined, the currents are added 
but, if loads on a-c. systems are to be combined, it is necessary to 
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take into consideration the power factor. The following system prob- 
lem shows how this calculation is made; it gives both accurate and 
approximate methods satisfactory for building wiring problems. 


TABLE 

Two- Phase A-C. Motors (4- Wire)! 


Induction Type 

Squirrel-Cage and Wound Rotor 
Amperes 


Synchronous Type 
Unity Power Factor 
Amperes 


H.p. 

110 

V. 

220 

V. 

o 

> 

550 

V. 

2200 

V. 

220 

V. 

440 

V. 

550 

V. 

2200 

V. 


4.3 

2.2 

1.1 

.9 






H 

4.7 

2.4 

1.2 

1.0 






1 

5.7 

2.9 

1.4 

1.2 






2 

3 

7.7 

10.4 

4.0 

5 

8 

2 ! 

3 

4 

1.6 
2.0 
3.0 i 


Values given are for unity 
power factor. 

80% X 1.25 

5 


13 

7 

6 


[ 

90%x 1.1 


10 

15 

20 


19 

24 

33 

45 

9 

12 

16 

23 

7 

10 

13 

19 


[ 










25 


55 

28 

22 

6 

47 

24 

19 

4,7 

30 


67 

34 

27 

7 

56 

29 

23 

5.7 

40 


88 

44 

35 

9 

75 

37 

31 

7.5 

50 


108 

54 

43 

11 

94 

47 

38 

9.4 

60 


129 

65 

52 

13 

111 

56 

44 

11.3 

75 


156 

78 

62 

16 

140 

70 

57 

14 

100 


212 

1 106 

85 

22 

182 

93 

74 

18 

125 


268 

134 

108 

27 

228 

114 

93 

23 

150 


311 

155 

124 

31 


137 

no 

28 

200 


415 

208 

166 

43 


182 

145 

37 


* National Electrical Code, 1940. 
t Common wire 1.41 times values given. 


Example e. Determine the current and the power factor for a circuit 
which supplies a lighting load of 5.5 kw. and a lO-h.p. motor from a single- 
phase, UO-v., 60 cycle, a^. source. 

Figure 5-13 shows the various parts developed in the problem, and the 
solution for total current and power factor will be an accurate solution. 
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TABLE VI-13 » 

Three-Phase A-C. Motors 



For fulMoad currents of 208- and 200-v. motors increase the corresponding 220>v. motor full- 
load current by 6 and 10%, respectively. 

* Nation^ Electrical Code, 1940. 


Example e {CorUinxied) 

' , . , , 5.5x 1000 

Lighting load - — 50 amp. 

Motor load: 

(Table IV-13) Motor current 86 amp. 

(Table VII-13) Motor power factor 84% 

Lighting load /x, *» 50 amp. cos 1.00 
sin Ql « 0.00 

Motor load 1m -86 amp. cos 6m * 0.84 
sin 6m “ 0.543 



386 


WIRING 


TABLE VII-13 
Pow*R Factors 


Equipment 

Power Factor 

Incandescent lamps 

100% 

Heating equipment 

100 

Arc lamps 

60 

Low pressure mercury vapor 


lamps (old type) 

85 

Low pressure mercury vapor 


lamps (new style) 

90 

High pressure mercury vapor 


lamps (uncorrected) 

50-70 

High pressure mercury vapor 


lamps (corrected) 

94 

Fluorescent lamps (uncorrected) 

60 

Fluorescent lamps (corrected) 

95 

Motors (Full Load) • 


1 horsepower 

70 

2 

75 

3 

80.5 

5 

82 

7H 

82.5 

10 

84 

15 

86 

20 

88 

25 

88 

30 

88.5 

40 

89 

50 

89 

60 

90 

75 

90.5 

100 

91 

125 

92.5 

150 

94 

200 

96 

Motor (starting) 

50 


* Single- and polyphaae motors — not synchronous motors. 


Sxamph e {Continued) 

It -'Ah. COB -f Ijif 008 BmT + 8in $1 -H 1m sin )* 
V( 60x 1 +86 x 0.84)» + (60x0 + 86x0.648)* 

It - ^(122.24)* + (46.TO)* - 130.0 amp. 

Power factor « ratio (122.24 to 130.2) x 100 « 23% 

« ooe^f 
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Example e (Continued) 

To determine the approximate current and the approximate power factor, 
it is necessary only to add numerically the current values and obtain the 
weighted mean for the power factors. In the two methods the procedure is 
the same except that currents are 


Current 

Power Factor 

Current x 

Amperes 

Per CJent 

Power Factor 

Lighting 50 

100 

5,000 

Motor 86 

84 

7,224 

136 


12,224 


Current 136 amp. 3.9% error (high) 

12 

Power factor - 90% 3.5% error (low) 

13o 

both of which are on the safe side — a desirable condition in all engineering. 
An inspection of the wire table (Table VIII-13) shows that wire sizes are 



Fio. 5-13. Vector diagram for combining currents of different power factors. 

more widely separated; in fact, so much so that 4 or 5% would not have 
to be considered. The example chosen represents about as wide a variation 
in types of load as may be expected, and, therefore, the extreme of probable 
error. 

5. Selection of Wire Size for Safety. Tables VIII-IS and IX-13 
are taken from the National Electrical Code vfhich gives the minimum 
wire sizes to be used in the distribution system, on the basis of the 
current requirements. Any wire stipulated by the Code will be safe, 
but it may not be economical because of excessive voltage drop. 

Table VIII-13 is used for determining the wire size for all circuits 
except motor branch circuits, and includes combination lighting feed- 
ers, power feeders, sub-feeders, and lighting branch circuits. Table 
IX~13 is used to determine the wire size for motor branch circuits, 
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TABLE VIII-13A 

Allowable Current-Carrying Capacities of Conductors in Amperes* 
Not More Than Three Conductors in Raceway or Cable 
(Based on Room Temperature of 30® C, 86® F) 


Site 

AWG 

MCM 

Rubber 
Type RW 
Type R 

Synthetic 
Type SN 

Rubber 
Type RHT 
TypeRH 

Paper 

Asbestos 
Var-Cam 
Type AVA 
Type AVL 

Impregnated 
Asb^tos 
Type Al 

Asbestos 
Type A 

Synthetic 
Type SNA 

TypeRU 

Asbestos 
Var-Cam 
TVpe AVB 
Var-Cam 
TypeV 

Rubber 
TypeRPT 
Type RP 

14 

15 

18 

22 

23 

28 

29 

32 

12 

20 

23 

27 

29 

36 

38 

42 

10 

25 

31 

37 

38 

47 

49 

54 

8 

35 

41 

49 

50 

60 

63 

71 

6 

45 

54 

65 

68 

80 

85 

95 

5 

52 

63 

75 

78 

94 

99 

no 

4 

60 

72 

86 

88 

107 

114 

122 

3 

69 

83 

99 

104 

121 

131 

145 

2 

80 

96 

115 

118 

137 

147 

163 

1 

91 

110 

131 

138 

161 

172 

188 

0 

105 

127 

151 

157 

190 

202 

223 

00 

1 120 

145 

1 173 

184 

217 

230 

249 

000 

138 

166 

1 199 

209 

243 

265 

284 

0000 

160 

193 

230 

237 

275 

308 

340 

250 

177 

213 

255 

272 

315 

334 

372 

300 

198 

238 

285 

299 

347 

380 

415 

350 

216 

260 

311 

325 

392 

419 

462 

400 

233 

281 

336 

361 

418 

450 

488 

500 

265 

319 

382 

404 

468 

498 

554 

600 

293 

353 

422 

453 

525 

543 

612 

700 

320 

385 

461 

488 

562 

598 

668 

750 

330 

398 

475 

502 

582 

621 

690 

800 

340 

410 

490 

514 

600 

641 

720 

900 

360 

434 

519 

556 




1000 

377 

455 

543 

583 

681 

730 

811 

1250 

409 

493 

589 

643 




1500 

434 

522 

625 

698 

784 



1750 

451 

544 

650 

733 




2000 

463 

558 

666 

774 

839 




correction factor for room temperatures over 30® C 



* National Electrical Coie, 1940. 
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and for these circuits alone. Table IX-13 gives fuse sizes for motor 
branch circuits; these may also be determined from the percentage 

TABLE VIII-13C 

PROPEBTIBS OF CONDUCTORS 


AWG 

CM 

Ohms^r 
1000 Ft. 
IS^’C-SO^C 

Bare 

Conductor 

Concentric Lay 
Stranded Conductors. 
Rubber, Paper, 
Asbestos, 

Varnished Cambric, 
Asbestos 

Varnished Cambric 

Diam. 

Inches 

Area 

Sq. Ins. 

No. of 
Wires 

Diam. 

Each 

Wire 

Inches 

14 

4,107 

mM 

0.064 

0.003 

7 

0.024 

12 

6,530 


0.081 

0.006 

7 

0.030 

10 

10,380 


0.102 


7 

0.038 

8 

16,510 

0.6158 

0.128 

0.013 

7 

0.048 

6 

26,250 

0.3872 

0.184 

0.026 

7 

0.061 

5 

33,100 

0.3071 

0.213 

0.035 

7 


4 

41,740 

0.2436 

0.232 

0.042 

7 


3 

52,630 

0.1961 

0.261 

0.053 

7 


2 

66,370 

0.1532 

0.292 

0.067 

7 


1 

83,690 1 

0.1215 

0.332 

0.087 

19 

0.066 

0 

105,500 

0.09633 

0.375 

0.110 

19 

0.074 

00 

133,100 

0.07639 

0.419 

0.138 

19 

0.083 

000 

167,800 

0.06058 


0.173 

19 

0.094 


211,600 

0.04804 

0.528 

0.219 

19 



250,000 

0.04147 

0.594 

0.276 

37 



300,000 

0.03457 

0.641 

0.323 

37 

0.090 


350,000 

0.02963 

0.688 

0.370 

37 

0.097 


400,000 

0.02592 

0.734 

0.423 

37 

0.104 


500,000 

0.02074 

0.828 

0.540 

37 

0.116 


600,000 

0.01729 

0.892 

0.628 

61 

0.099 


700,000 

0.01481 

0.968 

0.735 

61 

0.107 


750,000 

0.01382 


0.785 

61 

0.110 


800,000 

0.01296 

1.031 


61 

0.114 


900,000 

0.01153 


0.938 

61 

0.121 


1,000,000 

0.01036 

1.172 

1.039 

61 

0.128 


1,250,000 

0.00829 


1.320 

91 

0.117 


1,500,000 

0.00692 

1.422 


91 

0.128 


1,750,000 

0.00693 

1.546 

1.872 

127 

0.117 


2,000,000 

0.00618 



127 

0.125 


table listed as Table X-13. Table IX-13, however, can be used more 
rapidly, 

Etampkf, Determine the feeder sice necessary to carry 279 amp. using 
three RP copper wires in conduit. 

From Tabfe VIII-^13 use 400,000 dr. mils, the next largest wire to the 
carrying capadty required. 
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Example g. Determine the size of Type RP copper wire to use in a conduit 
for a 3-phase motor branch circuit carrying 86 amp. 

From Table IX-13 use #1 wire. 

The fuse will depend upon the type of motor and the method of starting. 




9S 94 92 90 


6. Selection of Conduit Size. The selection of the size of conduit 
for carrying the wires of any circuit is governed by the National 

Electrical Code. Table XI-IS gives the jzo \ — r — 

size of conduit, when all the wires are s ' 

the same size, and the necessary infor- | ' 

mation for selecting conduit size for het- ^ foo 

erogeneous groupings of wires is found ^ 

in Table XII--13. Reference must be 

made to the Code for the special regula- ^ 

tions on maximum conditions and the 

''^lOO 96 9S 94 92 90 

classes of circuits permitted in a common 

conduit. The limitations imposed in the (ot^ 

tables must be met regardless of whether zooo , — ■ - i | — — — 

the wire is selected for safety and ade- i€oo — 

quacy or for safety alone. ^ mo — jL 

Example h. Determine the size conduit 600 — — | ^ -A — — 

for two 900,000 and one 300,000 cir. mil cables -^ferrf/r?g_ *1^100% 

using Type RP copper wire. 

All information is from Table XII-13: ^0 4o eo /20 lOO 200 240 

(Table A) for 3 conducto,^, 43% of the con- /^rCenf FoM Tor^ 
duit to be used by the wire. 

(Table fi) Area two 900,000 3.2 sq. in. 

Area one 300,000 0.67 sq. in. 

Total 3,87 sq. in. 

^ s .. 3.87 Voo 


Per Cent Volts 
(a) 


90% Vo/tago A 


jStart/hgl 

Torgc/^A 


Vo/tagiri 


0 40 eo /20 160 200 240 
Percent fo/Hoacf Torm/o 
(Jb) 


Conduit area 


~ 9 sq. in. 


(Table (?) ZH-in. conduit has an area of 9.90 
sq. in. and must be used for the installation. 


'^’/OS NO NS /20 t2S fSO 

7. Selection of Wire Size for Adequacy. 

As previously discussed, the wire should 

meet not only the safety requirements of Effect of voltage 

the National Electrical Code but should 
provide for adequate voltage delivery and 

for future expansion. To satisfy the requirements for initial and final 
adequacy, the voltage lost in the system and the probable additional 
load at some future date must be studied. Figure 6-13 represents the 
effect caused by voltage drop on the performance of incandescent 
lamps, heaters, and general purpose induction motors. These simple 
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National Electrical Code, 1940. 


TABLE IX.-XZ'^ — {Continued) 
Conductor Sices and Overcubbbnt Protection 
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graphs show the necessity of giving the matter of voltage drop careful 
attention. 

Those interested in adequate installations for lighting and motors 
have for years advocated larger wires than the Code requires, but even 
today, and in some of the more advanced architectural offices, the 
designs fall far short of meeting adequate specifications and fail to 
take into consideration future demands which continued research in 


TABLE X-13A>'* 

Maximum Rating or Setting of Motor-Branch-Circuit Protective Devices 
FOR Motors Marked with a Code Letter Indicating Locked Rotor KVA 



Per Cent of Full-Ijoad Current 

Type of Motor 


Circuit-Breaker Setting 

Fuse Rating 

Instan- 

taneous 

Type 

Time- 

Limit 

Type 

All a-c. single-phase and poly- 
phase squirrel-cage and syn- 
chronous motors with full- 
voltage, resistor or reactor 
starting: 

Code Letter A 

150 i 


150 

Code Letter B to E 

250 


200 

Code Letter F to R 

300 


250 

All a-c. squirrel-cage and syn- 
chronous motors with auto- 
transformer starting: 

Code Letter A 

150 


150 

Code Letter B to E 

200 


200 

Code Letter F to R 

250 


200 


Synchronous motors of the low-torque, low-speed type (usually 450 rpm. or lower), such as 
are used to drive reciprocatinfc compressors, pumps, etc., which start up unloaded, do not require a 
fuse rating or circuit-oreaker setting in excess of 200% of full-load current. 

* National Electrical Code, 1940, 


illumination may make on the wiring system. The extra cost of con- 
duit a size or two larger is relatively small, and its use will permit 
appreciable load increase by the installation of wires up to the con- 
duit capacity. Never should conduits for feeders or sub-feeders be 
installed without allowing for future installation of wire of at least 
two sizes larger than that used in the original installation. 

If the current requirements are fulfilled, the Code is satisfied, be- 
cause the fire hazard is removed, but from an illumination standpoint 



397 


SELECTION OF WIRE SIZE FOR ADEQUACY 

the voltage lost may represent an appreciable lighting loss, and, as 
the system becomes overloaded by the addition of more load to meet 
new illumination requirements, the whole lighting system will suffer 
accordingly. Table XIII~13 gives the normal allowances for voltage 
drop for both lighting and power. Practice in different offices and 

TABLE 

Maximum Rating or Settin(j of Motor-Hranch-Circuit Protective Devices 
FOR Motors Not Marked with a Code Le'ti’er Indicating Locked 



Rotor KVA 

Per Cent of Full-Load Current 

Type of Motor 


Circuit-Breaker Setting 

Fuse Rating 

Instan- j 

taneous 

Type 

Time- 

Limit 

Type 

Single-phase, all types 

300 


250 

Squirrel-cage and synchronous 
(full-voltage, resistor and 
reactor starting) 

300 


250 

Squirrel-cage and synchronous 
(auto transformer starting) 
Not more than 30 amp. 

250 


200 

More than 30 amp. 

200 


200 

High-reactance squirrel- cage 
Not more than 30 amp. 

250 


250 

More than 30 amp. 

200 


200 

Wound-rotor 

150 


150 

D-c. 

Not more than 50 h.-p. 

150 

250 

150 

More than 50 h.-p. 

150 

175 

150 


Synchronous motors of the low-torque, low-speed type (usually 450 rpm. or lower), such as 
are used to drive reciprocating compressors, pumps, etc., which start up unloaded, do not require 
a fuse rating or circuit-breaker setting in excess oi 200% of full-load current. 

* National Electrical Code, 1940. 


personal opinion may divide this table into different allowances for the 
various parts, but the overall drop should not be exceeded. 

Some designers and most contractors like to use demand factors 
which are applied to the design of the system. The use of these 
factors is based upon the assumption that the complete capacity of 
the system is never in use at any time. These demand factors have 
the effect of decreasing wire sizes below those calculated, and nullify 
any effect to be gained by oversize design to adjust for voltage drop. 









* Kationcl Eleotrical Ckxie, 1940. 


ever the wiring is being designed for lighting, it is best to use a 100 
per cent demand factor. 

A study of the allowable expenditure for an adequate wiring sys- 
tem for lighting or power is a difficult economical problem. This 
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matter was considered by a committee which selected a floor plan 
(9600 sq. ft.) from a building and submitted the problem in all its 
variations to contractors in various sections of the United States. 


TABLE XI-13C»* 

Number of Conductors in Conduit or Tubing 

SMALL-DIAMETER BUILDING WIRE, TYPES RHT AND RPT, 600 V. ONE TO NINE CON- 
DUCTORS 


Number of Conductors in One Conduit or Tubing 


Conductor 

1 

2 

3 

4 

5 

6 

7 

8 

9 

14 



y 


34 


34 

H 

H 

12 


y2 

H 


K 

y* 

H 

H 

y 

10 

}4 


Vi 

34 

H 


H 

H 

1 

8 




H 

1 

1 

1 

1 

1 iy 


* National Electrical Code, 1940. 


TABLE XI-13/)»* 

Number of Conductors in Conduit or Tubing 

SYNTHETIC, TYPE SN AND TYPE RU, 600 V. ONE TO NINE CONDUCTORS 


Number of Conductors in One Conduit or Tubing 


Conductor 

1 

2 

3 

4 

5 

6 

7 

8 

9 

14 

y 

34 

34 

34 

34 

34 

34 

34 

34 

12 

34 

34 

34 

34 

34 

34 

34 

34 

34 

10 

y 

34 

34 

34 

34 

34 

34 

34 

34 

8 

y2 

34 

34 

34 

34 

34 

1 

1 

1 

6 

34 

y 

y 

I 

1 

134 

134 

134 

134 

5 

34 

y 

y 

1 

134 

134 

134 

134 

134 

4 

34 

y 

1 

1 

134 

134 

134 

134 

134 

3 

34 

1 

1 

134 

134 

134 

134 


2 

2 

34 

1 

1 

134 

134 

134 

134 

2 

2 

1 

H 

IH 

iH 

134 

134 

2 

2 

2 

2H 

0 

H 

134 

134 

134 

2 

2 

2 

234 

234 

00 

H 

134 

134 

2 

2 

2 

234 

234 

234 

000 

y 

134 

134 

2 

2 

234 

234 

3 

3 

0000 

1 

134 

2 

2 

234 

234 

3 

3 

3 


* National Electrical Code, 1940. 


The bids were carefully scrutinized and submitted to statistical study, 
with the following conclusions: 

a. Reduced wiring specification represents a false economy, and 
the difference in investment will be offset in a year or two. 
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6. The investment does not increase in direct proportion with the 
increased wattage capacity. 

c. To double the wattage capacity increases the investment 33 per 
cent, and a 50 per cent increase in wattage capacity adds only from 
15 to 18 per cent to the investment. 

TABLE XI-13^»* 

Number of Conductors in Conduit or Tubino 

MORE than nine CONDUCTORS RUBBER-COVERED TYPES R, RW, RP, AND RH — 

600 V. 



* National Electnoal Code, 1940. 

TABLE XII-13A “ * 

Conduit for Combination of Conductors 

PER cent AREA OP CONDUIT OR TUBING 


Number of Conductors 



1 

2 

3 

4 

Over 

4 

Conductors (not lead covered) 

53 

31 

43 

40 

40^ 

Lead-covered conductors 

55 

30 

40 

38 

35 

For rewiring existing raceways 
with thinner insulated conductors 

60 

40 

50 

50 

50 


• National Electrical Code, 1940. 


Since 2 or 3 per cent of the total building cost represents the por- 
tion alloted to wiring, a 50 per cent increase in this cost is a negligible 
part of the construction cost; and since this task was undertaken by 
a committee whose impartiality could not be questioned (there being 
no reason for misrepresenting the facts), it would be well to use the 
findings as a starting point in a study of additional original invest- 
ment in adequate wiring. 
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TABLE XII-13R”* 

Conduit for Combination of Conductors 


DIMENSIONS of RUBBER-COVERED CONDUCTORS 
TYPES R, RW, RP, AND RH 


Size 

AWG-CM 

Approx. 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

Size 

CM 

Approx. 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

18 

0.14 

0.0154 

450,000 

1.08 

0.91 

16 

0.15 

0.018 

500,000 

1.12 

0.99 

14 

0.20 

0.031 

550,000 

1.17 

1.08 

12 

0.22 

0.038 

600,000 

1.22 

1.16 

10 

0.24 

0.045 




8 

0.30 

0.071 

650,000 

1.25 

1.23 




700,000 1 

1.29 

1.30 

6 

0.41 

0.13 

750,000 

1.33 

1.38 

4 

0.45 

0.16 

800,000 

1.36 

1.45 

2 

0.52 

0.21 




1 

0.59 

0.27 

850,000 

1.39 

1.52 




900,000 

1.43 

1.60 

0 

0.63 

0.31 

950,000 

1.46 

1.68 

00 

0.67 

0.35 

1,000,000 

1.49 

1.75 

000 

0.72 

0.41 




0000 

0.78 

0.48 

1,250,000 

1.68 

2.22 




1,500,000 

1.79 

2.52 

250,000 

0.86 

0.58 

1,750,000 

1.90 

2.85 

300,000 

0.92 

0.67 

2,000,000 

?.00 

3.14 

350,000 

0.98 

0.75 




400,000 

1.03 

0.83 





• National Electrical Code, 1940. 


TABLE XII-13C“* 

Conduit for Combination of Conductors 

DIMENSIONS OF CONDUCTORS 

Small-Diameter Building Wires, 

Types RHT and RPT 


Size 

AWG 

Aprox. 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

Size 

AWG 

! 

Approx. 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

14 

12 

0.162 

0.179 

0.0206 

0.0262 

10 

8 

0.200 

0.261 

0.0314 

0.0535 


National Electrical Code, 1940. 
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TABLE XII-13D»* 

Conduit for Combination of Conductors 

DIMENSION OF CONDUCTORS 

Synthetic Insulation, Type SN 
Type RU Insulation 


Size 

AWG 

Approx. 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

Size 

AWG 

Approx. 

Diam. 

Indies 

Approx. 

Area 

Sq. In. 

14 

0.130 

0.0133 

2 

0.423 

0.1405 

1.2 

0.147 

0.0170 

JL 

0.496 

0.1935 

10 

0.168 

0.0220 

0 

0.537 

0.226 

8 

0.227 

0 0405 

00 

0.583 

0.267 

6 

0.314 

0.0775 

000 

0.634 

0.316 

4 

0.363 

0.1035 

0000 

0.692 

0.376 


National Electrical Code, 1940. 


TABLE XII-13J?»* 


Conduit for Combination of Conductors 

DIMENSIONS OF LEAD-COVERED CONDUCTORS 

Types RL, RPL, and RHL 


Size of 
Conductor 
AWG-CM 

Single 

Conductor 

Two- 

Conductor 

Three- 

Conductor 

Diam. 

Inches 

Area 
Sq. In. 

Diam. 

Inches 

Area 
Sq. In. 

Diam. 

Inches 

Area 
Sq. In. 

14 

0.28 

0.062 

0.28x0.47 

0.115 

0.59 

0.273 

12 

0.29 

0.066 

0.31 X 0.54 

0.146 

0.62 

0.301 

10 

0.35 

0.096 

0.35x0.59 

0.180 

0.68 

0.363 

8 

0.41 

0.132 

0.41 xO.71 

0.255 

0.82 

0.528 

6 

0.49 

0.188 

0.49x0.86 

0.369 

0.97 

0.738 

4 

0.55 

0.237 

0.54x0.96 

0.457 

1.08 

0.916 

2 

0.60 

0.283 

0.61 X 1.08 

0.578 

1.21 

1.146 

1 

0.67 

0 352 

0.70x 1.23 

0.756 

1.38 

1.49 

0 

0.71 

0.396 

0.74 X 1.32 

0.859 

1.47 

1.70 

00 

0.76 

0.454 

0.79x1.41 

0.980 

1.57 

1.94 

000 

0.81 

0.515 

0.84x 1.52 

1.123 

1.69 

2.24 

0000 

0.87 

0.593 

0.90X 1.64 

1.302 

1.85 

2.68 

250 

0.98 

0.754 



2.02 

3.1^ 

300 

1.04 

0.85 



2.15 

3.62 

350 

1.10 

0.95 



2.26 

4.02 

400 

1.14 

1.02 



2.40 

4.52 

500 

1.23 

1.18 



2.59 

5,28 


Natidiial Klactrioal Code. 1940. 
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TABLE XII-13F^'* 


Conduit for Combination of Conductors 

DIMENSIONS OF ASBESTOS-VARNISHED^CAMBRIC INSULATED CONDUCTORS 

Types AVA, AVB, and AVL 


Size 

AWG 

C.M. 

Type AVA 

Type AVB 

Type AVL 

Approx, 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

Approx. 

Diam. 

Inches 

. 

Approx. 

Area 

Sq. In. 

Approx. 

Diam. 

Inches 

Approx. 

Area 

Sq. In. 

14 

0.245 

0.047 

0.205 

0.033 



12 

0.265 


0.225 



0.091 

10 

0.285 


0.245 


0.360 

0.102 

8 

0.310 


0.270 

0.057 

0.390 

0.119 

6 

0.395 

0.122 

0.345 


0.430 

0.145 

4 

0.445 

0.155 

0.395 

0.123 

0.480 

0.181 

2 

0.505 


0.460 

0.166 

0.570 

0.255 

1 

0.585 

0.268 

0.540 

0.229 

0.620 

0.300 

0 

0.625 


0.580 

0.264 

0.660 

0.341 

00 

0.670 

0.353 

0.625 

0.307 

0.705 

0.390 

000 

0.720 

0.406 

0.675 

0.358 

0.755 

0.447 


0.780 

0.478 

0.735 

0.425 

0.815 

0.521 

250,000 

0.885 

0,616 

0.855 

0.572 

0.955 

0.715 

300,000 

0.940 

0.692 

0.910 


1.010 

0.800 

350,000 

0.995 

0.778 


0.731 

1.060 

0.885 

400,000 

1.040 

0.850 

1.010 

0.800 

1 . 105 

0.960 

450,000 

1.085 

0.925 

1.055 

0.872 

1.150 

1.040 

500,000 

1.125 

0.995 

1.095 


1.190 

1.118 

550,000 

1.165 

1.065 

1.135 


1.265 

1.26 

600, OvX) 

1.205 

1.140 

1.175 


1.305 

1.34 

650,000 

1.240 

1.21 

1.210 


1.340 

1.41 

700,000 

1.275 


1.245 


1.375 

1.49 

750,000 

1.310 


1.280 


1.410 

1.57 

800,000 

1.345 


1.315 

1.36 

1.440 

1.63 

850,000 

1.375 


1.345 

1.43 

1.470 

1.70 

900,000 

1.405 j 


1.375 

mSSM 

1.505 

1.78 

950,000 

1.435 1 


1.405 

1^1 

1.535 

1.86 

1,000,000 



1.435 

■■ 

1.565 

1.93 


* National Electrical Code. 1940. 
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In addition to loss of light when using .reduced voltage, the eco- 
nomic loss caused by the wiring system may be appreciable. A specific 
example of a floor area 60 by 100 ft. lighted by 300-w. lamps on 10-ft. 
centers showed these figures by actual bids " : 

1. Cost of installation 

(a) Minimum code I 626 

(b) Adequacy standards | 737 

Difference Sill 


TABLE XII 13(?‘»* 

CoNDiUT FOR Combination of ('Conductors 
DIMENSIONS OF CONDUIT OR TUBING 


Size ] 

Internal 

Diameter 

Inches 

Area 

Square 

Inches 

Size 

Internal 

Diameter 

Inches 

Area 

Square 

Inches 


0.622 

0.30 

3 

3.068 

7.38 


0.824 

0.53 


3.548 

9.90 

1 

1.049 

0.86 

4 

4.026 

12.72 

Ui 

1.380 

1.50 

4)4 

4.506 

15.95 

1J4 

1.610 

2.04 

5 

5.047 

20.00 

2 

2.067 

3.36 

6 

6.065 

28.89 

2ki 

2.469 

4.79 





♦ National Electrical Code, 1940. 


TABLE XII 1-13 » 

Values of Maximum Voltage Drop Allowable 


Lighting 

Power 

Branches 

2.0% 

Branches 

2.0% 



Sub-feeder 

2.0% 

Feeders 

2.0% 

breeder 

6.0% 

Total 

4.0% 


10.0% 


2. Energy loss because of resistance 

(a) Minimum code 1497 kw-hr. 

(b) Adequacy standards 640 kw-hr. 

Difference 857 kw-hr, 

3. Extra cost of operating for 1500 hr. annually on a minimum or Code 

installation at a rate of 4 cents per kw-hr. $ 34.28 

The extra cost of $34.28 for minimum (Code) installation can be 
capitalized, and it will be found that considerably more than $111 can 
be invested in additional wire. 
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Too often new buildings are erected, their life estimated at 50 
years of useful service, and yet they lack an adequate wiring system 
at the time of construction; consequently, at the end of a year or 
two of service, they are full of makeshift wiring and have conduit and 
molding placed on exposed surfaces. 


TABLE XIV-13 

CORRXCnON COBFFICIBNTS TO BE USBD WITH FORMULA METHOD 


System 


X, 

K, 

2-wire d-c. 

2 

1 

1 

3-wire d-c. (drop to neutral) 

1 

1 

1 

2-wire 10 a-c. 

2 


1 

3-wire 10 a-c. (drop to neutral) 

1 

j 

Figs. 

1 

3-wire 30 a-c. (watch spacing) 

1 

7-13 

3-13 

1.73 

4wire 30 a-c. (balanced; watch spacing) 

1 


1.73 

4-wire 20 a-c. 

1 

2 


1 

3-wire 20 a-c. (approximate) Will do for 




normal problem 

Outside wire regular way 


1 

Figs. 

7-13 

3-13 

1 


To this add 0.707 drop in common wire 


' 1 

Figs. 

7- 13 

8- 13 

0.707 


Effective spacing: 

use spacing given. 

3^ 3-wire spacing 50% greater than given. 

3^ 3-wire (transposed) spacing 25% greater than given. 
3^ 4-wire spacing same as 3^, 3-wire. 

2^ 4-wire spacing as given. 

20 3-wire spacing as given. 


8. Detennination of Voltage Drop. The voltage drop, just as the 
determination of the current demand for a load, depends upon the 
type of electricity and the wiring system. Table XIV-13, in conjunc- 
tion with the following expression, is used to determine the voltage 
drop. 


VD - X X Jt, X A, 

cir. mils 


(a-13) 



DETERMINATION OF VOLTAGE DROP 


407 


where 11 is the specific resistance of a circular-mil-foot of copper wire 
at temperatures encountered in building installations; I is the line 
current in amperes; D, the distance in feet between the point of 
supply and the load; the coefficient which corrects the distance 



to the number of feet of wire; K%^ the coefficient which corrects for 
the line and load power factor, and Kz is the coefficient necessary to 
adjust for the number of phases. Coefficient Kt is obtained from 
Pigs. 7-13 (60-cycIe systems) and 8-13 (26-cycle systei^). Figure 
®-13 shows how to use the graphical charts for determining Kt. 
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In the d-o. system, the coefficients K 2 and Kz are unity, but they 
depend upon the wire size, spacing, power factor, and type of system 
for their values in the a-c. system, though for the smaller size wire Kz 



has little effect on the results. This is also true where the power 
factor is unity. 

Example i. Determine the coefficient A% for a S-phase, 25-cycle system 
using No. 3 wire on 4-in. centers if the load has a power factor of 88%. 

From Table XIV-13, the effective spacing will be 6 in. 
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From Fig. 8~13 (25 cycles), follow the path as shown on Fig. 9~13 from 
No. 3 to the 6-in. spacing curve; then to the 88% power factor and down to 
1.05, which is the value of K^. 

Example j. Determine the voltage drop in the system given in example 
if 64 amp. are transmitted for a distance of 150 ft. 

From Table XIV, Ki == 1, K 2 ~ 1.05, and Kz — 1.73 for a 3-wire, 3-phase 
system. From Table VIII~13, a No. 3 wire has 52,630 cir. mils. 

From the expression given for the voltage drop (a-13). 




11 X 64 X 150 
52,630 


X 1 X 1.05 X 1.73 = 3.61 v. 


9. Lighting and Appliance Branch Ciicuif.s. Figure 10-13 shows 
the approximate wattage per square foot required to give different 
amounts of illumination. The flattening of the curve for commercial 
interiors after 4 w. per sq. ft. is because of the requirements for auxili- 


Spe3rc//7(gr Foiver Facror 



aries in offices and stores requiring higher amoimts of illumination. 
It is better to calculate the wattage requirements from the illumina- 
tion designs, but if this is impossible, estimates may be made from the 
amounts indicated in the figure. 

Table XV-13 gives the various capacity branch circuits that are 
recognized and the limits set if the circuits are designed for adequacy. 
The minimum number of branch circuits should be based upon actual 
load calculations or upon the requirements given in Fig. 10-13. It is 
well to use no wire smaller than No. 12 in any circuit, and where the 
distance from the first light to the panel exceeds 50 ft., the next largest 
wire, as given under adequacy, should be use(J- Runs in excess of 
100 ft. to the first outlet should be discouraged unless the load is so 
small that the voltage drop will not exceed 2 per cent. If the runs 
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tend to be long, it is better to relocate the distribution panel or to 
install another panel. 

Convenience outlets should be on separate circuits, and No. 12 
wire should be used except where the run is more than 100 ft., when 
it is better to use No. 10 wire. Table XVI~13 lists the recommended 
number of circuits per square foot of floor space in different task areas 
and the number of convenience outlets per circuit. Ordinary outlets 



Fio. 10-13.'^ Suggested watts per square foot to be specified for lighting wiring in 
industrial and commercial interiors. 


are of the duplex type, while single outlet receptacles are used for 
heavy-duty circuits. 

The design of lighting and appliance branch circuits is a matter 
of rule with an attempt to use wires of such a rize that the voltagp 
drop will not exceed 2 per cent, and will satisfy the safety require- 
ments of the Code. Table XVII~13 shows the requirements for cir- 
cuits of varying capacities computed for a maximum drop of 2 per 
cent in a two-wire, 120-v. system. 

10. Motor Branch Circisita. Having determined the motor current 
from Tables 111-13 to V-13, it is only necessary for the designer to 
refer to Table IX-13 to determine the wire siae and the fuse protec- 
tion. Table IX-13 is based upon an allowance of 25 per cent more 
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than the rated full-load motor current, with the over-current protec- 
tion figured from the percentages in Table X-13. 

Example k. Determine the size of the branch circuit wire, the branch 
circuit fuse protection, and the voltage drop for a 30-h.p., 230-v., d-c. motor 


TABLE XV-13'»." 

Lighting and Appliance Bkanch Circuits 


Branch Circuit 

Code 

A^dequacy 

Watts 

Adequacy 

Wire 

15-ainp. 

#14 wire 

15-amp. fuse 

12-amp. portable 

6-amp. fixed 

1000 

#12 

20-amp. 

#12 wire 

20-amp. fuse 

15-amp. portable 

15-amp. fixed 

1500 

#10 

25-amp. 

#10 wire 

25-amp. fuse 

20-amp. portable 

20-amp. fixed 

2500 

#8 

35-amp. 

#8 wire 

35-amp. fuse 

35-amp. max. load 
(not in dwellings) 

3000 

#6 

50-amp. 

#6 wire 

50-amp. fuse 

50-amp. max. load 
(not in dwellings) 


1 


at the end of a 150-ft. run using Type RP copper wire spaced on 5-m. cen- 
ters. 

Table III-13 I = 110 amp. 

Table IX-13 Use #2/0 wire. 

Table IX-13 Use 176-amp. fuse. 

11X110X150 X_2, 

133,100 

Per cent voltage drop 1.2% 

Required: 2 #00 wires 

2 176-amp. fuses 
VD « 2.72 V. or 1.2% 

Ezarnple 1. Determine the branch circuit wire siae, the protection and 
llic voltage drop for a 30-h.p., 3-phase, 220-v., 60-cycle, squirrel-cage induction 




412 


WIRING 


motor, using an autotransformer for starting, where the run is 150 ft. and the 
wire is Type RP copper run open on 4-in. centers. 


Table VI-13 
Table IX-13 
Table IX-13 
Table XIV-13 
Table XIV-13 

Figure 7-13 
K, = 1.23 


I = 77 amp. 

Use #1 wire. 

Use 175-amp. fuse. 

K, = 1 

X, = 1.73 

[ Effective spacing 6 in. 

Wire #1 

[Table VII-13 power factor 88.5% 


TABLE XVI-13^° 

Arba Per Convenience Outlet 


Office space 800 sq. ft. per circuit, duplex outlet on 20-ft. centers. 

Manufacturing 1200 sq. ft. per circuit, duplex outlet each bay. 
space 

Stores 400 sq. ft. per circuit, duplex outlet each column. 

Windows — outlet each 5 ft. of glass. 

Duplex outlet per 50 sq. ft. platform. 


Recommended Convenience Outlets Per Circuit 


Barber shops, beauty parlors 2 

Medical, dental, and similar 2 

Store windows (spotlights) 3 

Retail display areas 6 

School classrooms 6 

Manufacturing spaces 6 

Office spaces 8 

Storage spaces 10 


11 X 77X 150X 1 X 1.23X 1.73 ^ 

83,690 

% VD « 2.20 X 100 = 1.5% 

Required: 3-#l wires 

3-175-amp. fuses 

VD =« 3.23 volts or 1.5% 

Example m. Determine the branch circuit wire size, fuse protectbn, and 
the conduit size for a lOO-h.p., 3-phase, 25-cycle, 440-v., reactance starting, 
squirrel-cage induction motor at the end of a run of 4()0 ft. if ^the voltage 
drop is specified at 1% and type RP copper wire is to be used. 
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Table VI-13 / = 123 amp. 

Allowable drop 1% or 4.4. v. 


Table VII~13 Power factor 91% 

Table IX-13 Use jfOOO wire. 


11 X 123 X 400 X 1 X 1.06 X 1.73 
167,800 


5.92 (not adequate) 


The wire #000 satisfies the code or safety requirements but does it satisfy 
the voltage requirements? 


circular mils 


11 X 123 X 400 X 1 X Ki X 1.73 
4.4 


TABLE XVH-13 

Wire Size Required 

Computed for Maximum of 2-v Drop on 2-wire, 120-v. Circuits 


Load per 
Circuit 


Current 

120-V. 

Circuit 


Length of Run (Panel Box to Load Center) — Feet 


Watts 

Amp. 

30 40 

50 

60 

70 

80 

90 

100 

110 

120 130 

140 

150 

160 170 180 190 200 

500 

4.2 

14 

14 

14 

14 

14 

14 

12 

12 

12 

12 

12 

12 

10 

10 

10 

10 

10 

10 

600 

5 0 

14 

14 

14 

14 

14 

12 

12 

12 

12 

10 

10 

10 

10 

10 

10 

10 

8 

8 

700 

,5.8 

14 

14 

14 

14 

12 

12 

12 

10 

10 

10 

10 

10 

10 

8 

8 

8 

8 

8 

800 

6.7 

14 

14 

14 

12 

12 

12 

10 

10 

10 

10 

10 

8 

8 

8 

8 

8 

8 

8 

900 

7.5 

14 

14 

12 

12 

12 

10 

10 

10 

10 

8 

8 

8 

8 

8 

8 

8 

8 

6 

1000 

8.3 

14 

14 

12 

12 

10 

10 

10 

10 

10 

8 

8 

8 

8 

8 

8 

6 

6 

6 

1200 

10.0 

14 

12 

12 

10 

10 

10 

10 

8 

8 

8 

8 

8 

6 

6 

6 

6 

6 

6 

1400 

11.7 

14 

12 

10 

10 

10 

8 

8 

8 

8 

8 

6 

6 

6 

6 

6 

6 

6 

6 

16(K) 

13.3 

12 

12 

10 

10 

8 

8 

8 

8 

6 

6 

6 

6 

6 

6 

6 

6 

4 

4 

1800 

15.0 

12 

10 

10 

10 

8 

8 

8 

6 

6 

6 

6 

6 

6 

4 

4 

4 

4 

4 

2000 

16.7 

12 

10 

10 

8 

8 

8 

6 

6 

6 

6 

6 

6 

4 

4 

4 

4 

4 

4 

2200 

18.3 

12 

10 

10 


8 

8 

6 

6 

6 

6 

6 

4 

4 

4 

4 

4 

4 

2 

2400 

20.0 

10 

10 

8 

8 

8 

6 

6 

6 

6 

6 

4 

4 

4 

4 

4 

4 

2 

2 

2600 

21.7 

10 

10 

8 

8 

6 

6 

6 

6 

4 

4 

4 

4 

4 

4 

4 

4 

2 

2 

2800 

23.3 

10 

8 

8 

8 

6 

6 

6 

6 

4 

4 

4 

4 

4 

4 

4 

2 

2 

2 

3000 

25.0 

10 

8 

8 

6 

6 

6 

6 

6 

4 

4 

4 

4 

4 

4 

2 

2 

2 

2 

3500 

29.2 

10 

8 

8 

6 

6 

6 

4 

4 

4 

4 

2 

2 

2 

2 

2 

2 

2 

2 

4000 

33.3 

8 

8 

6 

6 

6 

4 

4 

4 

4 

2 

2 

2 

2 

2 

2 

1 

1 

1 

4500 

37.5 

8 

6 

6 

6 

4 

4 

4 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 


Since the factor depends on the circular mil size of the wire the prob- 
lem becomes one of “trial and error.^' Determine the ratio of circular mils/X* 
and select a wire that will be satisfactory. 

circular mils/X* = 212,400 
250,000 CM Wire | Fig. 8-13 
Conduit [ 

Power factor 91 %J X* » 1.1 

vn X 123 X 400 X 1 X 1.1 X 1.73 ^ ^ ^2 v 
“ 250,000 

which is adequate. 
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Required: 3 250,000 cir.-mil wires 2H-in. conduit 

3 500-amp. fuses VD « 4.12 v. or 0.94% 

11. Lighting Feeders. The lighting feeder load is governed by the 
number of circuits connected to it. Lighting circuits are assumed to 


TABLE XVni- 13 A“* 

Demand Factors 


Type of 

Occupancy 

Wattage Baaed 
on Area Served 

Demand 
Factor in 

Per Cent 

Single-family 

2500 or less 

100 

dwellings f 

Excess over first 2,500 

30 

Multifamily dwellings 

3000 or less 

100 

(other than hotels) 

Excess over first 3000 


and apartment houses 

but not more than 


with provisions for cook- 

120,000 

35 

ing by tenants f 

Excess over 120,000 

25 

Hospitals ft 

50,000 or less 

40 


Excess over first 50,000 

20 

Hotels tt 

20,000 or less 

Excess over first 20,000 
but not more than 

50 


100,000 

40 


Excess over 100,000 

30 

Office buildings 

20,000 or less 

100 


Excess over first 20,000 

70 

Schools 

15,000 or less 

100 


Excess over first 15,000 

60 

Storage warehouses 

12,500 or less 

100 


Excess over first 12,600 

50 


* National Electrical Code, 1940. 

t The email appliance load may be included with the li^htiny load and subject to the demand 
factors specified. If the load in single-family dwellings, individual apartments of multifamily 
dwellings, and in hotel suites having serving pantnes, is subdivided through two or more feeders, 
the computed load for each shall indude not less than 1,500 w. for small appliances. 

ft For sub-feeders to areas where entire lighting is likely to be used at one time, as in ballrooms, 
dining rooms, operating rooms, etc., a demand factor of 100% shidl be used. 

be 1000 w. for each 15-amp. branch, and each convenience outlet cir- 
cuit is assumed to be 1000 w.; ail spare circuits are assumed at 500 
w. each. Other circuits are considered to be fully loaded. TaUe 
XVIII-13 gives the demand factors listed in the Nation^ Electried 
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TABLE XVIII-13B^i* 


Demand Factors for Electric Ranges 
The values in the table below apply to one or more cooking and baking 
appliances but are not applicable to other appliances. 



Demand Factor (Per Cent) 

Number of 

Column I 

Column II 

Ranges 

(Ranges over 1650 w. 

(Ranges 3500 w. 


and under 3500 w ) 

and over) 

1 

80 

80 

2 

75 

65 

3 

70 

55 

4 

66 

50 

5 

62 

45 

6 

59 

43 

7 

56 

40 

8 

53 

36 

9 

51 

35 

10 

49 

34 

11 

47 

32 

12 

45 

32 

13 

43 

32 

14 

41 

32 

15 

40 

32 

16 

39 

28 

17 i 

38 

28 

18 

37 

28 

19 

36 

28 

20 

35 

28 

21 

34 

26 

22 

33 

26 

23 

32 

26 

24 

31 

26 

25 

30 

26 

26-30 

30 

24 

31-40 

30 

22 

41-50 

30 

20 

51-60 

30 

18 

61 and over 

30 

16 


The demand factor for one range may atao be applied to the conductors of a range branch circuit. 
♦ National Electrical Code. IWO. 
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Code and should be used with discretion. The author has more than 
once seen service conductors and transformers excessively hot where 
demand factors have been used on lighting designs. Though a demand 
factor may be good for 99 per cent or more of the time, the need for full 
capacity for an hour or two only once in the life of the building may 
cost more than the initial investment in additional wiring capacity. 
If proper allowance is made for future expansion, there is plenty of 
reserve service, but too frequently the wiring is designed for the pres- 
ent load in accordance with a demand factor, leaving no surplus ca- 
pacity. This is very likely to be the case where the design of the 
wiring system is allotted to the contractor who in competitive bidding 
must reduce every item to a minimum for protection. It is not fair to 
the contractor to force him to design the wiring system; this is a 
function of the building designer and his staff. 

For future expansion, an allowance of 50 per cent increase of the 
initial feeder capacity should be made. If this ultimate feeder size 
does not exceed No. 4 wire, the final feeder should be installed im- 
mediately. Where the final size of feeder is not installed immediately, 
the raceway should be large enough for the oversized wire. This may 
involve larger or additional raceways. 

The feeder terminates in a panel board which contains the terminals 
of the branch circuits. One spare circuit for every five active circuits 
should be installed and provisions should be made for delivering these 
spare circuits to the floor level for which they are intended. In these 
panels (or distribution centers) protection provisions must be made 
for immediate connection. Arrangements must also be made for ulti- 
mate protection if not originally installed. 


Example n. Determine the wire size, the fuse protection, and the voltage 
drop for (a) a 2-wire, (6) a 3-wire d-c. feeder to supply 60 1000-w. lighting 
branch circuits on appropriate panels. The feeder run is 200 ft. and is of 
Type RP copper wire. The specifications require that the voltage drop shall 
not exceed 1.5% for either the 110 v. 2- wire or the 110 to 220-v. 3-wire 
system. 

Two- wire system: 


1000 X 60 
110 


545 amp. 


2,000,000 cir. mils for safety, which is also adequate; 
size of wire, so the three wire supply would have to be used. 
Three-wire system: 


11 X 273 X 200 X 


an impractical 


circular mils 


110X0.015 
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From Table VIII-13, 400,000 cir. mils would be safe and adequate. 
The design requires 400,000 cir. mils. 

Table Vni-134 300 amp. fuse 

Table XI-13A 3-in. conduit 


F7) = 


11 X 273 X 200 X 1 

400,000 


1.5 V. 


Better to use two 200,000 cir. mil feeders in parallel, or two separate feeders, 
one with each panel. 


Required: 3 400,000-cir.-mil wires 
2 300 amp. fuses 
3-in. conduit 
VD = 1.5 volts or 1.4% 

Example o. Determine the wire size, fuse protection, and panel voltage 
for a 10, 3-wire, 60-cycle, 110-220-v. a-c. lighting feeder which over a 
run of 200 ft. of Type RP copper wire supplies panels (distributing current 
to 60 1000-w. branch circuits). The service voltage fluctuates from 217 to 
223 V. and the specifications call for a maximum drop of 3%. 

A 3% drop will be 3.3 v. 

Supply voltage 217/2 = 108.5 v.; therefore, 11 0-108. *> = 1.5 v. used by 
line voltage fluctuations, leaving 3.3- 1.5 - 18 v. to be used in the feeder. 


1000 X 60 
220 


273 amp. 


400,000 cir. mils from Table VIII~13 is safe. 


Conduit 1 Fig. 7~13 

400,000 cir. mils [ 

Power factor 1.0 J K 2 - 1.07 




11 X 273 X 200 X 1 X 1.07 X 1 

400,000 


1.61 V. (adequate) 


Therefore, the 400,000-cir.-mil wire is satisfactory. 


Required: 3 400,000-cir.-mil wires 
2 300-amp. fuses 
3-in. conduit 

108.5 will be the lowest voltage on distribution panel. 

106.7 will be the lowest voltage on the branch circuit panel. 


12. Power Feeders. The power feeder is designed to permit start- 
ing of the largest motor when all other equipment on the system is 
operating. It should have a current-carrying capacity of not less than 
125 per cent of the full-load rating of the largest motor plus the sum 
of the full-load current of the rest of the connected load and, if several 
of the motors are the same capacity, only one shall be considered the 
largest for the computation of the feeder size. For the protection of 
the feeder, the largest rating or setting of the branch-circuit protection 
for any motor of the group together with the full-load rated current 
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of the remainder of the connected load, determines the amount of 
protection permitted. 

The power branch circuit and the feeder must have a flexibility 
that is not required in the lighting branch circuit and feeder. It must 
be adequate not only for wire capacity, but also for the following pro- 
visions: 

o. Safety and reliability 

b. Avoidance of excessive voltage drop 

c. Avoidance of excessive copper loss 

d. Flexibility in changing location of equipment 

e. Provisions for supplying increased load 

These items apply more to general industrial installations than to 
the power ‘s 3 rstem in the average building, since ventilation, elevators, 
pumping, and air conditioning are as permanently located as the light- 
ing system itself. It is for motors and machines which are likely to be 
moved or replaced with larger equipment that flexibility is necessary. 

The allowable overall voltage drop and frequency change are set 
normally at 10 per cent; that is, the motor will function and give 
satisfactory economical service if the voltage and frequency are within 
10 per cent of the name-plate rating. The frequency furnished by 
the modem utility varies only for a small part of a cycle, so that the 
average frequency is, for practical purposes, constant. The recom- 
mended allowable maximum voltage drop given in Table XIII-13 is 
lO per cent, which is commonly accepted as an economical value in 
most installations, but 6 per cent would be much more satisfactory, 
and even less may be more economical where the motors are operating 
24 hr. a day at full capacity. Here, as in all economic problems, a 
fixed rule cannot be set which will apply to all the problems that may 
arise. Only an analysis of the individual problem leads to a justifiable 
solution. 

In buildings of the commercial and office type, the power feeders 
should be designed, as are the lighting feeders, for future expansion 
of power requirements. In the industrial plant where the S 3 rstem is 
exposed and appearance is not of prime importance, it is satisfactory 
to supply the immediate demands with only casual allowances for 
future expansion, since panels and additional circuits may be supplied 
without damaging the building or interfering with the equipment 
already in place. If the industrial plant is large and there are several 
buildings, it is desirable to consider the economics of the primary 
voltages and the distribution system of the entire plant — a matter 
best analyzed by a specialist in these designs. 
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Example p. Determine the design for the branch circuits and the feeder 
to supply (A) a 25-h.p., 150-ft. run branch circuit motor and (B) a 50-h.p,, 
100 ft. run branch circuit motor, both on 230 v. direct current, if the 200-ft. 
feeder of Type RP copper wire is open wiring spaced on 4-in. centers. 


Branch 

A 

B 


Table III-13 


Table IX~13 

1 

Wire 

Fuse 

VD 

92 

iK) 

150 

2.88 

180 

300,000 

300 

1.32 

272 





VDa 


VDb 


11 X 92X 150 X2 
105,500 

11 X 180 X 100X2 
300,000 


Feeder running current 272 amp. 

Starting current (180 X 1.25) -{- 92 = 317 amp. 
Wire size 500,000 cir. mils 
Fuse protection 300 -f 92 - 392 
Select 400-amp. fuse. 


%VD 

1.2 

0.6 


Voltage drop = 


11 X 272 X 200 X 2 
500,000 


= 2.4 V. or (1.04%). 


Drop to motor A 5.3 v. 
Drop to motor B 3.7 v. 


The allowable drop for motor service is 10%, or 23 volts for a 230-v. 
system. This design is both safe and adequate. 

Example q. Determine the design for the branch circuits and feeder for 
the following motors on a 25-cycle, 220-v., 3-phase a-c. system: 

A. 25-h.p., auto transformer starting, squirrel-cage induction motor, 
15(>-ft, run 

B. 50-h.p., resistance starting, synchronous motor operating at 90% power 
factor, 100-ft. run with the feeder 200 ft. long using Type RP copper 
wire in open wiring, spaced on 4-in. centers. 




Table VI-13 

Table VII-13 

Table IX-13 

Branch 

H,p. 

I 

P.F. % 

Wire 

A 

25 

64 

88 


B 

50 

119 

90 

#000 



183 





Table IX-13 

VD % VD 




Fuse 





150 

3.64 1.65 




400 

1.58 0.72 




K, - 1 

Table XIV-13 




X, - 1.73 

Table XIV-13 
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Fig. 8~13 
Kt « 1.05 
VDa- 

« 1.73 
Fig. 8-13 


f#3 wire 
<6-in. spacing 
[power factor 88 

11 X 64X 150X IX 1.05X1.73 


A% = 


1.17 

VDb^ 

VDb 


52,630 

Table XIV-13 
Table XIV-13 
(#000 wire 
<6-in. spacing 
[power factor 90% 

llX 119X lOOX lx 1.17 X 1.73 


= 3.64 V. 


167,800 


1.58 V. 


Feeder: 


Fig. 8-13 

K^ « 1.22 


Load current 183 amp. 

Power factor 89% 

Wire #0000 
Fuse 500 amp. 

VD - 4.03 V. 

A, = 1.73 Table XIV-13 

[ #0000 wire 
<6-in. spacing 
[power factor 89% 

llX 183 X 200X IX 1.22 X 1.73 


VD = 

211,600 

VD - 4.03 V. % VD = 1.83% 

The allowable drop for motor service is 10% or 22 v. for the 220-v. 
system. The system is both safe and adequate. 


13. Combination Lighting and Power Feeders. The combining of 
feeders for power loads and lighting loads should be discouraged as 
much as possible. The three-phase, four- wire installation is a system 
of this type. Since power feeders allow more voltage drop than do 
the lighting feeders, a combined feeder will have to be designed for 
the voltage drop of the lighting system rather than that of the power 
system. If the power requirement is very large (over 10 per cent) us- 
ing the combined feeder results in the necessity for very large wires. 

Combined feeders should not be used where motors are continually 
being started and stopped (as in elevator service), as there is likely to 
be a pronounced flicker of the light at each starting, unless feeders are 
so large that they are uneconomical. There are special cases where 
the proper design uses combined feeders, such as in small factories or 
in buildings where the ventilating fans are far removed from the main 
service panel and the running of extra feeders for power would be ex- 
pensive. As a rule, the suggested use of combined feeders should be 
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studied carefully before such a system is decided upon as adequate 
and economical. The advantages which have accrued to the utilities 
by the use of three-phase, four-wire secondary distribution has in 
many instances led to the use of these systems for office and com- 
mercial building installations without any thought being given to the 
probable disadvantages attending such systems. 

The combined feeder wire size and protection design is determined 
by addition of the requirements for the power feeder and the require- 
ments for the lighting feeder. The current obtained by the summation 
of the current for the lighting and power feeders taken independently 
determines the size of the combined feeder; the same is true for the 
protection. 

Example r. Determine the voltage drop, the size of Type RP copper 
wire, the fuse size, and conduit size for a combined 115-23(>-v. three-wire, d-c. 
feeder to service panels for 60 1000-w. lighting branch circuits and to 25- 
and 50-h.p., 230-v. motor branch circuits. The combined lighting and power 
feeder has a run of 200 ft. 



Load 

Wire 

Fuse 

Part 

Current 

Size 

Size 

Motor 

272 

500,000 

400 

Lighting 

261 

400,000 

275 

Feeder 

533 

1,750,000 

4-325 


VD 


11 X 533 X 200 X 1 X 1 X 1 
1,750,000 


0.75 v. 


The 1,750,000 cir.-mil wire is safe and adequate but it is doubtful if such 
a wire size is economical. Often it is more satisfactory to run two wires in 
parallel to carry the load. It is good practice to separate lighting and power 
loads whenever possible. 


Conduit requirements: 

Table XII-13A — 3 conductors 
43% of the conduit to be used by wire. 
Table XII~13B 2.85 area of 1,750,000 cir. mil 
0.83 area of 300,000 cir. mil 
6.53 sq. in. area of wire 
Table XII~13Z) 6.53/0.43 « 15.2 conduit area 
434‘mch conduit 15.95 sq. in. 


11 Service Conductors, The size of the service conductors de- 
pends upon the capacity and the number of feeders supplying the ini- 
tial load. For future expansion, approximately a minimum of 50 per 
cent additional capacity should be allowed. If the capacity for tihe 
initial load does not exceed 267 amp., the service conductor for the 
ultimate load should be installed; if it does exceed this value, 
the problem should receive special study to determine the economical 
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procedure. Table XIX-13 gives the adequacy standards for service 
entrance conductors and service switch size. 

16. Recapitulation. It is not the intent of this chapter to give all 
the details of the mechanical requirements and the design of the wir- 
ing system, but to give only enough information for the occasional 
design of a system part or for the checking of designs for adequacy. 
For an extended design for a commercial or industrial building, it is 
necessary to be familiar with the requirements as stated in 

а. The National Electrical Code 

б. The Natiqnal Electrical Code Handbook 
c. Handbook of Interior Wiring Design. 

TABLE XIX-13« 

Servicb Entrance Adequacy Standards 


Initial Load 
Amperes 

n 

Switch 

Amperes 

Conductor 

BAS 

1- 23 

60 

8 

24- 33 


6 

34- 47 


4 



2 

61- 67 

100 

1 

68- 83 

200 

0 

84-100 

200 

00 

101-117 

200 

000 

11&-133 

200 

0000 

134-150 

400 

0000 

151-167 

400 

250,000 

168-183 

400 

300,000 

184-200 

400 

350,000 

201-217 

400 

400,000 

218-267 

400 

500,000 


The first gives the basic requirements and should be supplemented 
by state and local codes. The second interprets the clauses of the 
National Electrical Code, and the supplementary notes and diagrams 
are functionally a dictionary explaining both terras and practice with 
the intent and object o^ the ruling as given in the Code. The third 
gives the requirements for adequacy and future expansion allowances 
which must be provided. The requirements for a first-class installa* 
tion are mom rigid than those required by the Code. The sample 
specifications and the sample problems in this last reference give a 
systematic approach to an adequate design with an assurance that, if 
enforced, adequate requirements will be met by the contractor whose 
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respoDBibility is confined to the actual mechanical installation and not 
to the design of the wiring system, as too often is the case. 

"l^e following outline has been suggested as a method to follow in 
making wiring layouts and designing the wiring system; 

Lighting 

1. Location and wattage for lighting 

(а) General lighting 

(б) Supplementary lighting 

(c) Show-window and display lighting 

(d) Miscellaheous lighting outlets 

2. Location of convenience outlets 

Power 

1. Location and current for power 

Lighting and Power 

1. Branch circuits and control 

2. Panel boards 

3. Feeders 

4. Feeder distribution center 

5. Service conductors and equipment 

6. Miscellaneous applications 

(a) Signal and telephone systems 

For clarity, the complete layout (see method of marking, Table 
XX~13) should be shown on all the building plans that may be neces- 
sary. It is best to use different plans for lighting and power systems 
in order to avoid confusion. There should be schedules for panel 
boards and feeder distribution centers, and each circuit and distribu- 
tion center should be designated by some code number. 

The design and layout begin with the branch circuits and include 
a bill of material indicating the necessary material for its installation. 
The bill can be as elaborate as necessary for making estimates and 
should be in detail if contractors are to bid competitively. The sched- 
ules for the individual branch circuits from a single panel determine 
the data for the panel board schedule. The individual panel board 
schedules are compiled for the feeder distribution center schedule. 
The last schedule determines the character of the service. By a 
systematic set of these schedules, changes may be made in the design, 
and the layout may be checked without the necessity for time con- 
suming delays after the plans have been completed or the work is 
started. 
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TABLE XX-13^« 

Electrical Symbols for Architectural Plans* 


genbral outlets 


PANELS, CIRCUITS, AND MISCELLANEOUS 


CCIUNO WALL 

O O Outlet. 

0 Capped outlet. 

0 Drop cord. 

0 •<§) Electrical outlet — for use only 

when circle used alone might be 
confused with columns, plumbing 
symbols, etc. 

® ■© Fan outlet, 

c -c Junction box. 

0 *0 Lamp holder. 

0M Lamp holder with pull switch. 

0 0 Pull switch. 

0 *0 Outlet for vapor discharge lamp. 

0 0 Exit light outlet. 

0 0 Clock outlet (lighting voltage). 

CONVENIENCE OUTLETS 
0 Duplex convenience outlet. 

0^ Convenience outlet other than du> 

plex. 1 » single, 3 »* triplex, etc. 
Weatherproof convenience outlet. 
0 M Range outlet. 

Switch and convenience outlet. 
=08 Radio and convenience outlet. 

0 Special purpose outlet. 

(0 Floor outlet. 


♦ 

$< 

$0 

$« 

$» 

$CS 

$wcs 

$^C 

$«< 

$WP 




SWITCH OUTLETS 

8ingle>pole switch. 

Double-pole switch. 

Three-way switch 
Four-way switch 
Automatic door switch. 

Electrolier switch. 

Key-operated switch. 

Switch and pilot lamp. 

Circuit breaker. 

Weatherproof circuit breaker. 
Momentary contract switch. 
Remote control switch. 
Weatherproof switch. 

SPECIAL OUTLETS 

Any Standard Symbol as given 
above with the addition of a lower 
case subscript letter may be used 
to designate some special variation 
of standard equipment of particular 
interest in a specific set of arohi- 
teoturid plans. 

When used they must be listed 
in the key of symbols on each 
drswing and. if necessary, further 
described in the specifications. 


CZES 


6 


0 

cy 

CD 

-o 


IK 

Q 

m 

EP 


ID 

m 

Finn 

61 

Q 

isni 


Q 

nrai 




Lighting panel. 

Power panel. 

Branch circuit — ceiling or wall. 
Branch circuit — floor. 

Note: Any circuit without further 
designation indicates a two-wire 
circuit. For a greater number of 

wires indicate as follows: ■■ f j / 

(3 wires) , I t -44 (A wires) , etc. 
Feeders. Note: Use heavy lines 
and designate by number corre- 
sponding to listing in feeder sched- 
ule. Underfloor duct and junction 
box — triple system. Note: For 
double or single systems eliminate 
one or two lines. This symbol is 
equally adaptable to auxiliary sys- 
tem layouts. 

Generator. 

Motor. 

Instrument. 

Transformer. 

Controller. 

Isolating switch. 

AUXILIARY systems 
Push button. 

Busser. 

Bell. 

Annunciator. 

Telephone. 

Telephone switchboard. 

Clock (low voltage). 

Electric door opener. 

Fire alarm bell. 

Fire alarm station. 

City fire alarm station. 

Fire alarm central station. 
Automatic fire alarm device. 
Watchman's station. 

Watchman’s central station. 

Horn. 

Nurse’s signal plug. 

Maid’s signal plug. 

Radio outlet. 

Signal central station. 
Interconnection box. 

Battery. 

Auxiliary system circuits. 

Note: Any line without further 
de^nation indicates a 2-wire ohr- 
ouit. For a jgreater number of wires 
designate with numerals in manner 

simuar to 12-No. 18W-Jj[*-C., 

or deeignated by number corree- 
ponding to listing in schedule. 

SPECIAL AUXILIARY OUTLETS 

Note: Subscript letters refer 
to notes on plans or detailed de- 
scription in specifications. 


* Thsse symbols have been prepared bv a technioal sobeommittee of ASA, Committee Z82« 
Standardisation of Graphical Symbols and Abbreviarions for use on Drawings, and have been sub- 
mitted for approval as an Amorioan Standard to replace the symbols shown in ASA C10-*1924. 

ThM eleetrioal ssmsbols for arehiteetural plans as fiiuUly approved by the ASA as an American 
Standard will be announced by that body in due course of time. 
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1 . Determine the load center for a system which feeds three motors: motor 
A, 20 h.p., 200 ft. from the switchboard; motor 'JB, 40 h.p., 60 ft. from the switch- 
board, and motor C, 50 h.p., 150 ft. from the switchboard. A single feeder sup- 
plies the motors from a 230 d-c. panel. What current would be concentrated at 
this load center? 

2. Determine the current drawn by five 250-w. high-intensity mercury vapor 
lamps (power factor corrected) operating from a 220-v. source. 

3. How much current will a 75-h.p. induction motor draw f-om a 230-v. 
line if its efficiency is 92 %? 

4 . Determine the current and power factor for a circuit which combines 
sixty 400-w. uncorrected high-mtensitv mercury vap lamps with a 60-h.p. load 
made up of six 10-h.p., single-phase motors. The line voltage is 220 v. and the 
loads are fed from one jK)wer center. What will be the approximate current and 
power factor of this load? 

6 . Design the branch circuit wire and fuse protection for a 25-h.p., 230-v., 
d-c. motor. The branch is 125 ft. long and in open wiring, spaced on 4-in. 
centers using Type R wire for the conductor. Determine the allowable wire size 
and the voltage drop. 

6. Design the branch circuit and branch circuit protection for a 30-h.p., 
3-phase, 440- v., 25-cycle, synchronous motor at 90% power factor, using an auto- 
transformer for starting. The branch circuit is 100 ft. long and in open wiring 
spaced 6 in. apart, using Type RP copper wire. Determine the wire size and the 
voltage drop. 

7. A limit of 1.5% is specified as the allowable voltage drop for a branch 
circuit to supply a 40-h.p., 115-v., d-c. motor. The run is 250 ft. and Type RP 
copper wire is used. Determine the wire size, the fuse protection, and specify 
the conduit size. 

8. A 2% voltage drop is specified on a motor branch circuit supplying a 
125-h.p., 3-pha*se, 60-cycle, 440-v., squirrel-cage, induction motor with reactance 
starting. The run is 400 ft. and is installed in conduit using Type R copper wire. 
Design the wire size and the fuse protection and specify the conduit size. 

9. What size conduit would be used for three #000, tw o #6, and four #12 Type 
RP copper wires? 

10 . Design the three-wire, d-c. feeder to supply forty-two 1000-w. branch cir- 
cuits from a 110/120-v. d-c. supply. The run is 250 ft. 

11 . Repeat problem 10 to operate from an a-c. supply instead of a d-c. supply. 

12 . A 220-v. power feeder supplies the following motors: 

Two 15-h.p., squirrel-cage, autotransformer starting induction motors 
One 25-h.p., 80% power factor, reactance starting synchronous motor. 
Use Type RP wire for the 3-phase, 60-cycle, 4-in. spacing supply line which has a 
run of 350 ft. Determine the wire size and fuse protection for both safety and 
adequacy. 

13 . For comparison purposes problem 12 was redesigned for 230 v., direct 
current. Determine the wire size and fuse protection for both safety and ade- 
quacy under these conditions. 

14 .. Design a combined lighting and power feeder to carry the following load; 
40 lighting branches having five 200-w. lamps each 
One 25-h.p., 230 v., d-c. motor 
One 50 h.p., 230-v., d-c. motor. 
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The feeder is to be a 3-wire, Type R copper wire installation. Determine the 
voltage drop, the size wire, the size fuse, and the conduit size for installing a 
feeder with a run of 250 ft. Consider the system for both safety and adequacy. 

16. A circuit 275 ft. in length and consisting of three #000 Type RP copper 
conductors in conduit, connects a 110-v., S-phase, 60-cycle source to a load. The 
line drop is limited to 2%. Calculate (a) the power which can be supplied to a 
unity power factor load; (6) the power which can be supplied to an 80% lagging 
power factor load. 
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TRIGONOMETRY — SIMPLE FUNCTIONS 


1. The 


sine (sin) of an angle - 


oppo site side 
hypotenuse 


2. The 

3. The 


cosine (cos) of an angle * 
tangent (tan) of an angle 


adjacent side 
hypotenuse 
opposite side 
adjacent side 


4. sin A « - 
c 


5. cos A 


6. tan A - ~ 
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TABLE INDEX 

(Table numbers are in boldface type.) 


Ballaats, characteristics of, IX-6, 149 
high power factor tulamp, IX-6, 150 
Barrier-layer cells, calculated multiply- 
ing factors, 1-2, 30 
multiplying factors for, II-2, 31 
Beam luatens, floodlighting units, 1-tO, 
287 

Beam spread, for floodlighting, 11-10, 
290 

Branch circuit, appliance, XV-13, 411 
lighting, XV-18, 411 
Brightness, enclosing units, II-8, 50 
exterior luminous elements, 1-9, 258 
interior luminous elements, II-9, 258 
light box, X-8, 248 
louver, VIII-8, 244 
store front, V-9, 278 

Coefficients, for formula method, XIV- 
18,406 

of utilization, VI-7, 210-213 
Color, analysis, rV-4, 85 
temperature of illuminants, 1-6, 127 
Color media, U-ll, 343 
transmission efficiency of, II-4, 73 
Colored light, effect of, 1-4, 72 
Colors, additive mixing, III-4, 74 
Conductors, current-carrying capacities, 
vm-18i4, B, 388 

number in conduit or tubing, XI-134, 
B, C, D, B, 398-401 
properties of, VUI-ISC, 390 
Conduit, dimensions of conduit or tub- 
ing, Xn-18G, 405 

for combinations of conductors, Types 
R, RW, RP, and RH, Xn-13B, C, 
D, B, B, 402-404 
per cent area used, Xn-184, 401 
Convenience outlet, area per, XVI-13, 
412 

Copper for systems of distribution, 1-13, 
380 

Cost of lighting, VI-13, 359 

Cove lighting, design factors, IV-8, 234 


Coves, room lighted by, III-8, 233 
Current, calculation of, 11-18, 381 

Demand factors, XVni-18il, 414 
electric ranges, XVIII-134, 414 
DepreciaUwis in four locations, IV-12, 
352 

Design data, cove lighting, IV-8, 234 
direct transmitting equipment, IX-8, 
247 

floodlighting, closed type, VII-10, 300 
open type, VH-IO, 300 
Direct transmitting equipments, design 
data, IX-8, 247 

Efficiencies, aluminum elliptical reflec- 
tors, VI-8, 242 
element forms, 111-9, 266 
Electric ranges, demand factors, XVIII- 
13B, 415 

Enclosing units, brightness of, II-8, 60 
Eye defects, 1-8, 46 

Factors, utilization, VI-7, 208 
Floodlighting, beam lumens of equip- 
ment, I-IO, 287 
equipment, IV-10, 292 
foot-candle specification, V-10, 295 
Floodlights, design data, closed type, 
Vn-10, 300 
open type, VII-10, 300 
spot sizes, VI-10, 298 
Foot-candles, commercial interiors, 

m-414,60 

floodlighting, V-10, 296 
industrial ii.teriors, IlI-SB, 62-67 
Formula method, coefficients, XTV-IS, 
406 

Glass blocks, transmission factors for, 
IV-9, 272 

Illuminants, color temperature of, 1-4, 
127 
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Illumination, increases by maintenance, 

in-12A, 351 

maintenance of, 1-12, 350 
theater, IV-11, 345 
Illumination values, XI-8, 250 

Lamps, bipost base, IV-6B, 134 
characteristics of floodlighting, III -10, 
291 

characteristics of fluorescent, IX-6, 
149 

dirt, in-12]?, 352 
energy distribution, X-BA, 151 
daylight fluorescent, X-6iB, 152 
gaseous conduction, V-65, 140 
germicidal, VIII-B, 146 
illumination from Cooper-Hewitt, VI- 
6B. 141 

incandescent ^performance on low volt- 
age, n-6, 129 

inside mirrored, IV-6A, 130 
low-pressure mercury vapor, V~6A, 
138 

lumen output, III-6A, 130 

for miscellaneous service, III-BB, 
131 

mercury, VII-6A, 142 
spectral characteristics of, VII-Bi?, 
143 ! 

Light box, brightness, X-8, 248 
Lighting units, mounting heights, II-8, 
225 

Louver, brightness, VIII-8, 244 
Louvered reflectors, efficiencies of, VIM, 
242 

Luminaires, types of, 11-7, 164 
Luminous elements, brightness values, 
exterior, 1-0, 258 
interior, II-0, 258 

Maintenance, 11-12, 350 
Motor branch-circuit protective device 
rating, X-13A, B, 396 
Motors, amperes, d-c., 111-13, 382 


INDEX 

Motors — Continued 

single-phase, a-c., IV-18, 383 
three-phase, a-c., VI-18, 385 
two-phase, a-c., V-13, 384 
conductor sizes, IX-13, 392 
overcurrent protection, IX-13, 392 
Mounting height, light center, V-8, 238 

Outlets, spacing of, 1-8, 224 

Point-by-point tables, I-5A, B, 98-100 
Power factors, VII-13, 386 

Reflection factors, IV-7, 193 
for typical opaque materials, I-7B, 1 62 
Reflectors, aluminum elliptical, effi- 
ciencies, VI-8, 242 
Replacement, study, 11-12, 350 
Room index, III-7, 190 

Sciopticons, image size, III-llB, 344 
Service entrance, adequacy standards, 

XIX-13, 422 

Slide projector, image size, III-llA, 344 
Sources, ultra-violet, I-ll, 340 
Store front, average brightness values, 
V-0, 278 

Symbols, for architectural plans, XX-18, 
424 

Translucent materials, transmission fac- 
tors, I-7A, 161 

Utilization, coefficients of, VI-7, 210-213 
Utilization factors, VI-7, 208 

Voltage drop, allowable maximum, XIII- 
18,405 

Voltage, effect on lamp performance, 
V-12, 356 

Wire, size required, XVII-18, 413 

Zonal factors, 5° zones, II~8A, 104 
10^ zones, n-6B, 105 
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Absorption, 158 
Accidents, 374 
Acid, benzoic, 342 
Acuity, visual, 53 
Adequacy, standards of, 422 
Advertkeirient, 257, 282 
Air-conditioning, 44, 230, 274, 418 
Alabaster, 157, 260 
Aluminum, 259 
oxidized, 322 
Amplifier, 367 
Angle of incidence, 162 
Applications, special, 174 
artificial daylight, 185 
color matching, 185 
color modifying, 185 
display cases, 175, 177 
industrial, 180 
interior, 177 
show-window, 175 
Argon, 142 
Atmosphere, 9 
Automobile driving, 43 

Balance, 10 
photometric, 35 
Ballrooms, 338 
Band stands, 315 
Bases, 130 
bipost, 134 
Black, 76 
Black body, 127 
Blinking, 53, 54, 370 
Blue, 77 

Body, non-reflecting, 42 
Boxes, light, 245 
Branch circuit, 382 
appliance, 409, 411 
lighting, 409, 411 
motor, 410 
conductors, 392 
fuse protection, 410 
wire size, 410 
schedule, 423 


Brightness, 23, 47, 83, 95, 97, 170, 248, 
264 

apparent, 42 

contrast, 36, 42, 43, 47, 48, 88, 194, 
257 

graduate/., 262 
limits, 217 
louvers, 243, 244 

luminous architectural elements, 257, 
264, 278 
measuring, 34 
meter, 35 
ratio, 48 

values, luminous elements, 258 
Brilliancy, 70, 71, 83 
British standard specifications, 40 
Bronze, 78 
Building wiring, 384 
Bulb, 165 

Candle, 20 
international, 19 
Candlepower, 19 
apparent, 22 

distribution curve, 103, 192 
hemispherical, 20 
mean horizontal, 20 
spherical, 20, 22 
zonal, 20 
Ceilings, 195 

Cellophane, 261, 321, 329, 342 
Cells, barrier-layer, 29 
fatigue, 33 

multiplying factors, 30, 31 
response curves, 29 
copper oxidf, 30 
response curves, 30 
photoelectric, 367, 368, 370 
installation, 368 
location, 370 
selenium, 30 
Chattering, 370 
Chemicals, colored light, 72 
Chroma, 71 
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Chromaflectors, 329 
Chromaticity, 162 
Clear glass, 157 
Cocktail bars, 311 
Code, 373, 374 
local, 422 

National Electrical, 373, 374, 387, 391, 
422 

state, 422 

Coefficients, correction, power factor, 
407, 408 

trichromatic, 86, 87 
trisUmulus, 72 

utilization, 188, 195, 208, 213 
fluorescent lamp, 364 
Coffers, 262 
novelty lighting, 313 
Color, 70, 282, 311, 317, 321, 326 
dominant, 83 
luminous elements, 259 
mobile, 282, 306, 323 
novelty lighting, 317 
selective distribution, 246 
Color blindness, 78 
Color contrast, 75, 77 
Color coordination with music, 325 
Color matching, 75, 186 
Color media, 73, 343 
Color mixing, 74, 318 
cycle system, 306 
wash system, 306 
Color modifying, 185 
Color nomenclature, 71 
Color physiology, 75 
Color psychology, 75 
Color sensation, 75 

Color specification, International Com- 
mission, 87 

Color temperature, 30, 127, 128 
Colorama, 326, 327 
Columns, 262, 277, 283, 336, 336, 337 
Combination units, coefficients of utili- 
zation, 207 
Comfort, 9, 43 
Composition, 9 
Conoecding louvers, 236, 237 
Conduction, 151 

Conductors, motor branch circuits, 392 
properties, 390 
service, 421 


Conduit, number conductor, 398, 399, 
400, 401, 402, 403, 404 
selection of size, 391 
Contrast, brightness, 36, 42, 43, 47, 48, 
88, 194, 257 
color, 76, 77 
sensitivity, 53, 54 
Control, automatic, 367 
equipment, 368 
several rooms, 371 
traffic, 77 
Convection, 151 
Coordinates, Cartesian, 90 
rectangular, 46 
semi-logarithmic, 46 
Copper, requirements, 380 
Cost, comparative lamp, 366 
of light, 366, 359, 360 
Current, calculations of, 381 
4irect, 382 

motor, direct-current, 382 
single-phase, 383 
three-phase, 385 
two-phase, 384 
Current systems, 382 
Curves, characteristic, 90 
distribution, 90, 103, 172 
candlepower, 103, 192 
direct, 207 
equipment, 219 
fluorescent lamp, 150 
horizontal, 90 
indirect, 207 
lumen, 110 
polar, 103 
theoretical, 106 
vertical, 91 
isocandle, 90, 110 
isofoot-candle, 90 
luminosity, 126 
performance, lamps, 354 
response, barrier-layer cell, 29 
copper-oxide, 30 
eye,. 16 
visibility, 30 
visual, 16 
spectral, 79, 83 
energy, 128 
Cutout, 329 
patterns, 332 
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Daylight, 39 
artificial, 185 
Daylight survey, 38 
Decoration, interior, 274 
Demand factor, 399, 414, 415, 416 
Depreciation, 349 
luminaire, 351, 352 
Design factors, cove lighting, 234 
Design, floodlighting, 294, 303, 307 
of luminous elements, 257, 261, 263 
pressed, 260 
reflector, 257, 286 
Diagram, vector, 387 
Dimmers, 318 
autotransformer, 325 
reactor, 325 
resistance, 323 
Dirt, 172 
Display cases, 175 
Distribution, 11, 12, 217 
center, 376 
cosine, 106 
lateral, 378 
Ught, 246 
solid of, 91 
symmetrical, 92 
panel, 377 
selective color, 246 
sine, 106 

three-phase, four-wire, 380 
three-phase, three-wire, 380 
three-wire, 379 
two-wire, 379 
uniform, 106 

Distribution system, 374, 379 
Drafting room, 88 
Drawing symbols, 424 
Dr 3 ring, industrial, 124 
infra-red, 83 
lamps, 135 
Dyes, aniline, 339 

Economics, 349, 354 
fluorescent lamp, 363 
wdring, 405 
Eflf^tiveness, 124 
control, 43 
illumination, 46 
lighting system, 43 
Eflidency, floodlighting, 301 


Efficiency — Continued 
lamp, 123 

luminous, 124, 245, 256 
Elements, luminous, architectural, 5, 
244, 245, 256, 259, 273, 332, 335 
brightness, 267, 258, 264, 278 
cavity, 261 
design, 257, 261, 263 
directive, 316 
efficiency, 264 
forms, 266 

IsTP;' ind element spacing, 262 
novelty lighting, 313 
special, 270 
Elevators, 418, 420 
Energy, radiant, 15, 161 
rate, 360, 365 
spectral, 128 
Environment, 77 

Equipment, automatic control, 368 
characteristics, 220, 223 
cycle, 329 

direct transmitting, 247 
efficiency, 217 
floodlighting, 282, 343 
number of units, 224 
selection, 216, 219 
Expositions, 311 
Exposure time, 42, 43 
Eye, 6, 15, 45, 58 
accommodation, 45 
adaptation, 45 
age, 45, 46 
comfort, 67 
convergence, 46 
dark-adapted, 16 
defects, 46 
fatigue, 49, 88 
lens, 45 

light-adapted, 16 
respopse curves, 16 
retina, 45 

Factor, absorption, 168 
maintenance, 217, 349 
reflection, 32, 48, 94, 168, 193, 266 
utilization, 169, 188, 192, 196, 196, 
204, 228, 244, 264, 307 
variation, 188 
visibility, 17 
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Fatigue, cell, 33 
eye, 49, 88 

Feeders, capacity, 416 
combination, 420, 421 
lighting, 414, 418 
power, 417, 418 
Filament, 131 
coil-coil, 130 
Filters, 72, 340 
additive, 74 
subtractive, 74 
Fires, 374 
Fixtures, 11 
Fleuretts, 323 
Flexibility, 8, 11, 13 
Floodlighting, 282, 343 
design, 294, 303, 307 
design table, 300 
equipment characteristics, 285 
lamps, 291 
large building, 283 
location, 284 
maintenance factor, 301 
power, 307 

projector location, 283 
recommended foot-candles, 294 
small building, 283 
total beam lumens, 286 
Floodlighting equipment, angle of tilt, 
296 

beam divergence, 287 
beam lumens, 287 
beam pattern, 303 
beam spread, 286 
broad beam, 292 
contour shape, 286 
cover glass, 287 
efficiency, 301 
enclosed, 291 
focusing mechanism, 290 
forms, 308 

maintenance factor, 301 
medium beam, 292 
mounting, 302 
narrow beam, 291, 292 
open type, 108, 286, 291 
projector, 291 
reflector designs, 286 
spill light control, 288 
Fluorescence, 338 


Fluting, 321 
Flux, downward, 22 
luminous, 15, 16, 17, 21 
method, 263 
radiant, 15 
total, 22 
upward, 22 
Foils, 320 
crushed, 322 
Foot-candle, 22, 264 
in floodlighting, 294 
prescriptions, 58 

recommendations, commercial, 60-61 
industrial, 62-68 
Foot-Lambert, 23 
Forms, floodlighting design, 308 
illuminating design, 252 
luminous element, 266 
design, 280 
Fountains, 342 
cone spray, 343 
solid jet, 342 
straight-line jet, 342 
Functions, trigonometric, 27, 428 

Geological specimens, 339 
Geometric forms, 322 
Glare, 49, 95, 169, 170, 257, 274, 290 
direct, 43, 50, 217, 258 
indirect, 43 
influenced by, 49 
reflected, 43, 50, 51, 217, 259 
Glass, alabaster, 157 
antique, 157 

blocks, 256, 271, 318, 319, 346 
daylight transmission, 275 
night effects, 275 
transmission factor, 273 
cane, 331 
cased, 157 
clear, 157 

configurated, 157, 319 
crystal, 157 
decorated, 157 
enameled, 157 
flint, 157 

matte surface, 157 
opal, 157 
opalescent, 157 
plate, strips, 330 
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Glass — Continued 
prism, 163 
prismatic, 157, 158 
ribbed, 163 
tempered, 279 
translucent, 346 
Globes, 165, 322 
Gold, 77 
Gray, 76 
Green, 77 
Grill, 335 
Grill work, 260 

Group replacement, 353, 35^, 362 

Harmony, 10 
Heart action, 53, 55 
High bay, 168 
Hue, 70, 71, 83 

Human element, in lighting, 2 
needs, 5 

Icosahedron, 323 

Illuminating Engineering Society, 15, 
40, 45 

Illumination, 14 
automatic control, 367 
average, 228 
benefits of increased, 56 
controlled, 371 
diffused, 164 
effectiveness, 46 
horizontal, 25, 191 
maintenance, 350 
multidirectional, 164 
objective specification, 15 
physiology, 41, 52 
quantity, 44 

specification (theater), 345 
unidirectional, 164 
vertical, 25 
Index, author, 429 
table, 431 

Industry Committee on Interior Wiring 
Design, 422, 426 
Infra-red, 18 
drying, 83 

Installations, industrial, 418 
Intensity, luminous, 19, 23, 90 
Interiors, commercial, 410 
industrial, 410 
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International Commission on Illumi- 
nation, 78 

color specification, 87 
Kaleidoscope, 317 
Lamp, 165 

characteristics, 129, 355 
comparative cost, 366 
comparison, 20 
drying, 135 
efficiency, 123 
fioodhgii mg, 291 

I fluorescent, 73, 137, 146, 277, 321, 344 
distribution curve, 150 
I gaseous, 123, 137 
I group replacement, 353, 354, 362 
^ hours, 361 

improvement, 357 
incandescent, 123, 128, 132, 165 
life, 135 
Linneback, 329 
lumiline, 132, 277, 321 
mercury arc, 144 

mercury, high-intensity, 137, 138, 140, 
224 

low-pressure, 137, 138, 140, 224 
neon, 137, 145 
performance curves, 354 
portable, 164 
projector, 133 
sales, 357 
silver bowl, 132 
size, 228 
sodium, 137, 145 
special, 129 
sterilizing, 124, 146 
sun, 124 
test, 20 
Type-G, 145 
Type-H, 140, 142, 144 
Type-S, 145 
ultra-violet, 124, 145 
voltage, 358 
voltage rating, 129 
latticed effect, 270 
Law(s), cosine, 24, 107 
geometric, 46 
inverse square, 24, 97 
Lambert's, 24 
Weber and Fechner, 36 
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Layouts, wiring, 423 
Lens, control, 246 
fresnel, 163 
prismatic, 167, 231 
Light, black, 338 
cold, 123, 338 
cost of, 366, 369, 360 
direct, 49, 165 
distribution curves, 90 
distribution of, 92, 246 
a83rmmetrioal, 92 
efficient production, 369 
indirect, 47, 49, 86, 92, 170, 277 
monochromatic, 31 
polarised, 183, 341 
reflected, 336 
sources, 11, 123 
spill, 314 

control in floodlighting, 288 
transmitted, 336 
Lighting, artificial, 7 
source, 12 

branch circuit, 409, 411 
cove, 230, 261 

average foot-candle, typical room, 
233 

design, 230 
design factors, 234 
novelty, 313 
recessed, 233 
equipment test, 92 
feeders, 414, 418 
fixtures, 164 
garden, 338 
general, 172 
general diffusing, 169 
natural, 7, 10 
novelty, coffers, 313 
color, 317 
cove, 313 

luminous elements, 313 
materials, 343 
schemes, 311 
semi-direct, 168 
semi-indirek, 88, 92 
Bupplementaiy, 168, 172 
survey, 37 
uniform, 62 
Load center, 375, 376 
Louver, 167, 234 


Louver — Cmiinued 
application, 239 
brightness, 243, 244 
concentric, 237 
design, 236 
efficiency, 243 
equipment, 236 
finish, 243 

general concealing, 237 
in architectural elements, 240 
in columns, 240 
in pilasters, 240 
recessed, 239 
shape, 241 

source, concealing, 236 
with coves, 239 
Lumen, 22, 216, 228 
distribution curve, 110 
distribution diagram. 111, 116 
horizontal, 119 
vertical, 119 
effective, 110, 116 
floodlighting, 286 
method, 26 

Luminaire, 90, 163, 164 
depreciation, 361, 362 
direct, 163 

general diffusing, 163 
indirect, 163 
semi-direct, 163 
semi-indirect, 163 
Luminescence, 338 
Luminescent mixtures, 338 
Lux, 216 

Maintenance, 217, 349 
illumination, 360 
Marble, 260 
Materials, opaque, 167 
phosphorescent, 339 
translucent, 157, 269 
transparent, 157, 269 
Medallions, 316 
Merchandi^g, 207 
Metid, oorrugaW, 274, 319 
monel, 269 

Meter, foot-candle, 27 
barrier-layer, ^ 

Q^eral Electric, 29 
iBW, 33 
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Meter — Continued 
Weston, 28 
visibility, 36 
Micron, 18 
Mirrors, 316, 317 
Monuments, 283 
Mosaics, 332, 334 
Mounting height, 49 
Murals, 316 

Mushrooms, 335, 337, 338 
Music, 325 

color coordination, 325 

National ElectncaJ Code, 373, 374, 387, 
391, 422 

Handbook, 422, 426 
Natural lighting, 7, 10 
Nela Park, 40 
Neon, 145 
Niche, 262, 315, 316 
Night clubs, 311 
Nomenclature, 15 
color, 71 
photometric, 90 

Object, 13, 43, 47 
under colored light, 72 
Oculist, 44 
Offices, 170 
Onyx, 260 
Optometrist, 44 
Orange, 76 

Outlets, convenience, 412 
mounting, 224 
number, 224 
spacing, 224 

Paints, 194 
luminescent, 338 
Panels, luminous, 261 
Phosphor, 147 

Photography, natural color, 80, 328 
profile, 332 

Photometer, physical, 29 
Photometry, 5, 19 
Physical phenomena, anal 3 rsis, 18 
Physiology, 41 
color, 75 

eSects of illumination, 52 
Pictures, 315 


Pilaster, 260, 262, 335, 336 
Plastics, 320 

Plates, prismatic, 116, 245 
Point-by-point method, 26, 97, 116, 216, 
244 

Polaroid, 341 

Power factor, 137, 145, 363, 382 
correction coefficients, 407, 408 
lagging, 148 
loads, 386 
Prism, 163 
Produttiui task, 43 
Projection pattern, 328, 329 
Projectors, 108 
floodlighting, 291 
lantern slide, 344 
location for floodlighting, 283 
narrow beam, 92 

Protective devices, setting, 396, 397 
Psychology, 41 
color, 75 

effect of illumination, 52 
Pumping, 418 
Purity, 83 

Pylons, 262, 335, 336 
Pyrex, 331 

Quartz, 331 

Radiation, non-visible, 18 
Radiator, complete, 127 
Recess, 261, 262 
Red, 76 

Reflection, 37, 158 
diffused, 159 
perfectly, 169 
selective, 72, 158 
specular, 322 

Reflection factor, 32, 48, 94, 158, 193, 265 
Reflector, 164, 231, 314, 321 
aluminum, 321, 340 
asymmetric 92 
source, 116 
contour, 264 
control, 245 
corrugated metal, 321 
design, 257, 286 
elliptical, 241 
louvers, 277 
paraboUc, 241, 246, 303 
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Reflector — Continxied 
paracyl, 274 

show-window, 116, 117, 274 
specular, 322 
spherical, 241, 245 
Refractor, 165 
Relamping, 353 
Relay, 367 
Research, 6 

Reserve, convergence, 53, 54 
Responsibility, development of lighting 
design, 1 

for illumination design, 1 
of architect, 3, 4, 6, 1 1 
of interior decorator, 4 
of medical profession, 4 
Restaurants, 311 
Riser, 378 
Rods, plastic, 321 
Room index, 188, 228 

Saturation, 70, 71, 83 
Schedule, branch circuit, 423 
panel board, 423 
power system, 423 
School rooms, 170 
Sciopticons, 344 
Seeing, 42 
criteria, 53 

factors influencing, 42 
Sensitivity to contrast, 53, 54 
Setback, 332 
construction, 303 
Shade, 75, 165 
Shadoscreen, 332 

Shadow, 37, 40, 52, 88, 164, 274, 311, 326, 
331 

graphs, 332 
harsh, 231 
Show-windows, 175 
reflectors, 116, 117, 274 
Signs, silhouette, 317, 332 
Silhouette, 331, 332 
Silhouette effects, 316 
Size, 42 
visual, 42 

Smashing point, 362 
Solid of light distribution, 91 
Sources, 11, 123 
artificial lighting, 12 


Sources — Continued 
asymmetric reflector, 116 
development, 124 
fluorescent, 78 
large surface, 106 
point, 20 
radiant, 124 
ultra-violet, 18, 338 

Specifications, lighting equipment test, 
92 

Spectra, continuous, 30 
Spectrum, 15, 75 
radiant, 15, 126 
visual region, 15 
Specular effect, 321 
Spill-ring, 239, 289 
Spotlights, baby, 338 
Standards, photometric, 15 
primary, 19 
secondary, 20 
working, 20 
Statuary, 283 
Steel, enameled, 259 
stainless, 259 
brushed, 322 
Stencils, 329 
Sterilizing, 18 

Store fronts, luminous, 279 
Stroboscopic effect, 137, 145, 148 
Sun, 12 

Surfaces, diffusing, 158 
redirecting, 158 
scattering, 158 
study, 51 
work, 43, 47 
Survey, 37 
daylight, 38 
lighting, 37 
night, 38 

Switch, magnetic, 148 
thermal, 148 
Symbols, 424 

Temperature, ambient, 143 
color, 30, 127, 128 
Tension, muscular, 53, 54 
Theaters, 311 

illumination specifications, 345 
Thermometer, 27 
Third dimension, 70 
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Thyratrons, 325 
Timer, thermal, 367 
Tints, 75 
Towers, 277 
Tradition, 11 
Transmission, 158 
cover glass, 264 
daylight, with glass blocks, 275 
diffused factor, 161 
direct, 160 
factor, 34, 158 
regular, 160 

Trans5 Hitting equipment, 247 
Transmitting systems, 234, 244, 247 
Trigonometry, 427 
Troughs, shaped, 320 

Ultra-violet, 18, 338 
Unity, 10 

Utilization, coefficient of, 188, 195, 208, 
213 

Variation range, 188 


Vector diagram, 387 
Ventilation, 418 
Visibility, 9, 47 
Vision, 42 

Voltage, drop, 377, 406 
variation, 391 

Walls, 195 

Water effects, 342 

Watts-per-square~foot method, 249 

Wave, dominant, 72 

Wheels, 317 

White, 76 

Wire, current-carrying capacity, 388 
size, 387 

size adequacy, 391 
Wiring, 362, 373 
building, 384 
economics, 405 
layouts, 423 

Yellow, 77 





